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FOREWORD

The 375 series of Air Force Systems Command manuals constitutes a procedural baseline for
management of programs involving relatively complex hardware. software. and management
interfaces. These manuals have been developed from critical analyses of AFSC management
experience with major system programs. They represent a standardized, integrated body of
proven techniques which, although designed to implement Air Force 373-series regulations govern-
ing acquisition of Air Force systems, are upplicable as well, to many nonsystem programs with
management requirements similar to those of major system programs. Consequently, HQ AFSC
will direct the application of these manuals to all programs which Headquarters USAF places
ander AFR 275 management and. as appropriate. to nther AFSC efforts.

The 373 series of AFSC manuzls was designed to cover toreseen management needs of systems
programs. Consequently, no program will find all provisions of all manuals necessary to its
particular needs. These manuals are to be employed selectively only to the extent that they serve
the needs of individual programs. It is the responsibility of each program director to determine
when departures are warranted and request necessary waivert under the provisions of AFSCR
375-2. '

AFSCM 375-5 serves two purposes. First, it defines = common system analysis process that
leads to system definition in terms of performance requirements on a total system basis. Secondly
it provides a detailed “rond map” of engineering actions during a system’'s life cycle in their
relative order of occurrence. It is interrelated with AFSCM 373-1, “Configuration Management
During Definition and Acquisition Phases,” in that the product of the analysis defined by it is
required to prepare Part I of the specifications which form the design requirements baseline. It
supplements both AFSCM's 375-3 and 375— by expanding on the engineering actions accomplished
during the typical system life cycle.

With tha increasing complexity of military systems, AFSCM 375-5 represents a forward step
to improved management techniques. Any commeats or questions regarding this or any of the
375-seriea documents should be referred to AFSC (SCSV) for resolution.
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Systems Manogement
SYSTEM ENGINEERING MANAGEMENT PROCEDURES

THIS MANUAL ESTABLISHES THE REQUIREMENTS, POLICIES, AND PROCEDURES
FOR SPO MANAGEMENT OF THE SYSTEM ENGINEERING EFFORT. IT IS THE
SYSTEM ENGINEERING MANAGEMENT STANDARD FOR A{LL FUTURE AFSC
SYSTEM ACQUISITION PROGRAMS AND PROJECTS.
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Chapter |
INTRODUCTION

1. GENERAL. In recent vears increasingly
complex military systems have been designed
and deveioped. During this time, there has
been an emerging awareness of the need for
and the importance of TOTAL SYSTEM
DESIGN. Groups of specialists emphasizing
reiiabiiity, maintatnability, survivability/vul-
nerability. facilities, transportaticn, saferv,
human performance, and system testing have
forced a recognition that a system does not con-
sist of equipment alone.

a. A rivstem” as defined in AFR 375-1 is
“a composite of equipment. skills., and tech-
niques capable of performing and/or support-
ing an operational role.” Through practice
the elements of a system have come to include
the organizational equipment required to per-
form the operational mission, equipment for
checkout. maintenance, and training; facilities
required to operate and maintain the system:
personnel trained and possessing the proper
skills to operate and maintain the system: and
the computer programs and procedures neces-
sary to operate and maintain the system. In
addition. the term *“'system’’ encompasses all the
ancillary equipment required such as instru-
mentation. depot tooling and test equipment.
installation and checkout equipment, etc.

b. All parts of a system must work together
and have a common unified purpose: namely, to
contribute to the production of a single set of
aighest outputs based on given inputs. This
absolute necessity for coherence requires an
organization of creative technology which can
lead to tne successful design of a complex mili-
tary system. This organized creative tech-
nology is called “system engineering.” Within
this manual, system engineering encompasses
terms such as system approach, svstem analysis.
system integration. functional analysis. system
requirements analysis, reliability analysis.

maintenance and maintainability task analysis.
and simiiar functions.

. System engineering is fundamentally con-
cerned with deriving a coherent total system
design to achieve stated requirements. It 1s
vital that those responsible for the management
of system engineering recognize the predomi-
nant and highly complementary role played by
engineering specialists in satisfving :otal
svstem design rennirements. The internlay
between the system engineers anu the engineer-
ing specialists requires the closest coordination
and is a major management problem which
must be faced and soived.

2. UNIFORM DESIGN PROCESS. No two s¥s-
tems are ever alike in their developmental
requirements. However. there is a uniform
and identifiable process for logically arriving at
systenu decisions regardless of system purpose.
size, or complexity. This manual describes and
specifies such a process: i.e.. a system engineer-
ing management process. The system engi-
neering process described herein is used to
logicallv consider and evaluate each of the in-
numerable militarv. technical. and economic
variables involved in total system design. 3e-
lecting the method of system operation and the
system elements is a highly invelved process
since a change in one system variable wiil
usually affect many other system variables. and
rareiy in a linear fashion. The generation of
a balanced svstem design requires that each
major design decision be based upon the proper
consideration of system variables, such as facili-
ties. equipment. computer programs, personnel.
procedural data. training, testing, logistics, and
intrasystem and intersystem interfaces. All
considerations must be made within the efec-
tiveness parameters of time. cost. and perform-
ance as defined or developed for the system.
This logical consideration, evaluation. and se-
lection of a balanced system design necessitates
the closest coordination of selected skilled per-
sonnel who are to work as a homogeneous
svstem engineering design team. The system
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eNgleertNg Jeam 1~ iespolstble for ransiating
operationai or advanced deveiopmental require-
ments into an aperable and economical =vstem.
This responsibility will not be sansted unul
<vstem documentation is complete: early tests
have proven the adequacy of Detail Specifica:
tions for design,/development and production:
andd final svstem tesrs and early operational use
have proved that the equipment. facilities.
trained persnnnei. and procedural data wiil
-1y the required military misston.

3. MANAGEMENT TOOL:

o Thiz manual i intended ro serve as a man-
agement tout and 13 adldressed to the deninition
of :vitem engineering management procedures
required to integrate the ~ctentific. vnuineering
skills involved in designing military systems.
It does not discuss the application of basic scien-
tific ranis of <vatem engineering, such as eco-
nomics, <hemistry. mechanics, electronics.
mathematics, or psychotechnics,

b. Succeeding chapters describe the signifi-
cant aspects of the overall svstem engineering
management process and summarize its objec-
tivesand AFZC policies and procedures govern-
ing execution of the function. Step-by-step
procedural guidance is contained in the exhibits
to the manual. Both the succeeding chapters
and :he exhibits are keyved to reference material
and examyples of system engineering documenta-
tion containea iii tiwe witdchments.

¢. It should be clearly understood from the
outset that application of the requirements of
this manual will. more often than not. neces-
sitate interpretation for a specific program
which then must be included in sufficient detail
in the work statement of the applicable con-
tractural instruments to be enforceable. Ef.
fective implementation of this manual is
dependent upon the vision. degree of under-
standing, and interest and acceptance by the
persons to whom its application is entrusted.
4. ABBREVIATI' NS AND TERMS USED IN THIS
MANUAL. For explanation of terms not in-
cluded below, see the following:

AFR 575-1—Management of System Pro-
Jruns

AFR 5375-2—xystem Program Office

AFR 375-3—Syvstem Program Director

10 March 1966

AFR GTA——>vatenm rosrun Doenenta-
rion

AFM 11-1—\ir Fovee Glosary of Stand-
arcized Terms aud Defimitions

AFSCM 27—l —Cannguration Manage-
ment During the Defnition and Aequisi-
rion Phises

AFSCOM aTi-b—~vatem 'rowmimin Oftfice
Manual

AFSCOM AT~ —=vsrem Progeam Manae-
ment Manual

{A)l—Alphabetic designator.

AAE— \erospace ancillary equipment—Equip-
ment other than orgamizational + AVE, OGE.
or MGE) required to install, azsemble. check-
N, test, repall, or triain personned to operdare.
vontrol, or mantin the svsrem.  Ln cases where
multiple utilization is made of oreanizational
cquipment e, where orcanizational MGE
test equipment 15 uswd in the assembly process
in the factory), the organizational categoriza-
tion (MGE) willapply. Examplesof A\AE in-
clude flight test equipment «instrumentation
equuptient ) : depor roohing aud depor rest equip-
ment tinertial measurement unit calibration
test equipment): installation and rheckout
{I&CY equipment (initial balaneing and adjust-
ment eqipment for environmental controls) :
<afety-destrnce: classes 1. I, and I1I reamning
equIpnIent (crew trainer. MIssion simifator. ac-
tnl svstem equipment s PalTs or components
thereof) : and mobile traming nnits.

A&E—Architectural and engineering.

Activation Functions—System production. train-
ing, and I&C actions that are necessary to initi-
ally procure. fabricare, traun, assemble, handle.
store, and prepave for shipment the svstem or
system elements at the point of acquisition, and
to transport. receive, install. checkout. and. as
equired. store the system or svstems elements at
the use locntion.  Such actions are normally
nonrepetitive actions duvime the development
program in prepavation for svsient, subsvsrens,
or ed-item testing,

ADO— Advanced development objecuive.

ADPE—Automated data-processing equipment.

AFCMD—Air Force Contract Management Di-
vision.
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AFSC—Air Force specialty code.

AFTO—Air Force technical order.

AMA—Air materiel area.
(A/N}—Alpha/numeric designator.

AVE— Aerospace vehicle equipment.—Equip-
ment which is. of itself. or is part of the manned
or unmanned vehicle which operates in the aero-
space environment. Examples of aerospace ve-
hicle equipment include bomb.nav computer.
airplane. booster. orbiting spuce station. en-
gines, reentry vehivle, command module, and
guidance package.

¢cs—Configuration control board.
¢CN—Contract change notice.
COR—Critical design review.
CEl—Contract end item.
CEIN—Contract end-item number.

Computer Program—The totality of computer
programs used to apply the capability of com-
puters to perform specific mission or tasks. The
programs can be grouped into three categories:
operational. utility. and support. The opera-
tional computer program is the link between the
computer equipment and the military operators.
It is the computer program which provides au-
tomated information-processing support to the
using command in performing its operational
mission. The utility computer programs are
programing “tools” such as compilers. fs-
semblers, etc., necessary in rhe production, de-
velopment, modification, and use of the opera-
tional programs. The support computer pro-
grams are those which are used for a va.icly
of monitoring functions but which are not re-
quired for system operations.

Critical RPIE Subsystem—A functional subsystem
of RPIE, designated ns critical early in the
definition phase for purposes of analysis of spe-
cinl design treatment. Criteria for designation
as critical shall be based on the functional rela-
tionship to direct mission operations or support,
technical complexity, or safery of personnel or
equipment. Critienl RPIE subsystems will
normally be designated enly in conjunction with
TSRP.

CRS—Calibration requirements summary.

AFSCM 375-5

ORN—Documentation revision notice.
ECP—Engineering change proposal.
Effectiveness Focters—Arvailability, depend.
ability, and capability and the attendant sub-
divisions or subroutines including reliability,
maintainability, safety, survivability, and
vulnerability.

EPOE—End piece of equipment.
ERRC—Expendability - recoverability - repara -
bility cost code.

FACI—First article configuration inspection.

Facilities—Buildings. structures. or other real-
property improvements as separarelv identifed
on the real-property recurus. inviuding items ot
real-property installed equipment attached to
or installed in real property. Facilities and
RPIE are further broken down into the follow-
ing categories: i 1) technical support real prop-
erty TSRP), (2) critical RP1E subsystem; (3)
nontechnical support real property (NSRP);
(4) industrial facilities.

FCEI—Facility contract end item.

Freguency Allecation—The allocation of fre-
quency spectrum to accommodate new or pro-
posed electromagnetic radiating equipment.
For U.S. military systems. the U.S. Joint Fre-
quency Panel, Military Communications Elec-
tronics Board (JFP MCEB). approves the
development and proposed operation of electro-
magnetic radiating equipment. Their deliber-
ations are based on joint U.S. military
frequency planning and consideration of inter-
nationel and national agreements.

FSE- -Facility system engineering.—The system
engineering effort related to the total develop-
ment of the complete technical support facility
element of a system, including its earliest defi-
nition, site planning, criteria development, de-
sign, and logistics and personnel subsystem
support. This function coordinates the tradi-
tional A&E activities and requirements of the
MCP with the system engineering process on
& continuing basis from early system concepts
to turnover of a complete operationn] system.
The facility system enginecr (FSE) is the con-
tractor. AFSC division civil engineering activ-
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ity, or combinations thereof that perform the
FSE function.

Function—A discrete action required to achieve
o given objective, to be accomplished by hard-
ware, computer program. personnel, facilities,
procedural data, or a combination thereof. It
is an operation the system must perform in
order to fulfill its intended mission,

G&C—Guidance and control.
GFE—Government-furnished equipment.
GFP—Government-furnished property.

Gross Function—An operations, maintenance.
test, or activation function. or combination
thereof. that represents the first possible fune-
tional breakdown of a system. Examples of
such functions fur a missile system could he
“flight mission.” *launch missile.”” “missile pre-
launch checkout,” “ergnnizational mainte-
nance.”” “produce system.” “'test system.” etc.

GSE/TDC—(reneral system engineering/techni-
cal direction contractor. inclnding normal in-
dustrial companies providing such services.

IAC—Integrating and assembly (including
checkout).

1&C—1Installation and checkout.
tM—Item manager.

Indenture—A method of showing relationships
te indicate dependence and an order of depend-
ence. Indentures may be shown by actual in-
dention, numerically or alphabetically. In-
denturing breaks down an item into assemblies.
subassemblies, components, and parts The
term also applies to the successive breakdown
of items such as functional diagrams and sche-
matic diagrams. In this manual, alphabetical
indenture is specified (reference Specification
MIL-M-8910).

Indusrrial Facilities— Test. plant, and procuction
facilities, including industrial construction.
plant modification or 2xpansion, speciai tooling.
and equipmei:t, uciired with the authorization
ard funding for Air Force R&D, which are re-
quired 4v a svst.m ccnatractor for research, de-
velopmene, production. and operation of «
system element.

10 March 1966 )
IP8—I1llustrated Parts Breakdown,

Intersystem/intrasystem Interfaces-——A common
boundary between two or more systems. equip-
ments. An example of intersystem interface is
a command and control system, interfacing with
o strategic wenpon svstem. .\n example of an
intrasvstem interface is the auropnlot (a system
elemenr) interfacing with rhe pneumatic com-
ponents of the directional control equipment of
the aerospace vehicle.

LP/BP—Local purchase or base procurement.

Maintenance Functions— . \crions on i svstem or
system element that are necessary \n order ro re-
turn a failed svstem element ro readiness 1enr-
rective maintenance functions) or to insure con-
tinuing normal system readiness (preventive
maintenance functions). Corrective mainte-
nance functions would meclnde functions such
as malfunction detection. i-nlation. repair re-
piacement, post-repatr checkout, and repatred
post transport and storage for any zvstem ele-
ment at any point in the svatem cvrele, )

MCN-—Master control number.
MCP—Military construction program.
MDS—Mission. design. series.
MGE—Maintenance ground equipment.
MIP—Materiel improvement proiect.
MTBF—Mean time between failures.

MTBM—Mean time between (preventive or cor-
rective) maintenance actions.

(N} —Numeric designator.
NHA—Next higher assembly.

NSRP—Nontechnical support real property.
Fixed capital facility nssets of the Air Force,
ncquired within the authorization and fundings
of the MCP which are not system-peculiar or
system-oriented and provile conventional non-
technical support to a system: i.e.. not critical
to the system. Examples include administra-
tion buildings, cafeterias., and conventional
maintenance shops and warehouses.

OCL—Operational control level.

OGE—Operating ground equipment.
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Operations Functions—Repetitive using-com-
mand/agency actions performed on a system
that has been turned over to the using command
and that are required to accomplish the given
system objectives in a normal uninterrupted
sequence. Examples of such functions for a
deploved missile system would include receiv-
ing alert indications, positioning or transport-
ing the missile, checking out the system,
launching, and accomplishing inflight opera-
tions, including required tracking and limited
data acquisition necessary to accomplish the
basic mission.

OSR—Operational support requirement.
PC—Prime contractor.

PCO—Procuring contracting officer.
PDR—Preliminary design review.

PERT/Cost—Program evaluation review tech.
nique and cost.

PMEL—Precision measurement equipment lab-
oratory.

PSPP—Proposed system package plan.
PTDP—Preliminary technical development plan.
QOR—Qualified operational requirement.

QQPRI—Qualitative and quantitative personnel
requirements information.

RAS—Requirements allocation sheet.
RPIE—Real-property installed equipment.
RFP—Request for proposal.
SCN—Specification change notice.

SEG/R&T—System Engineering Group of the
Research and Technology Division.

SEIP—System engineering implementation plan.
SOR—Specific operational requirement.

SOR/OSR/ADO—Specific operational requive-
ment/operational support requirement/ad-
vanced development objective.

$PD—System program director.
SPO—System program office.
SRA—Specialized repair activity.

AFSCM 375-5
SSM—3ystem support manager.

System Element—A constituent part of a weap-
on. support. or electronic system, normal'y one
of the following: (1) hardware, (2) computer
program. (3) facilities. (4) personnel, and (5)
procedural data.

System Segment— A discrete package of system
performance requirements. functional inter-
faces. and contract end irems contracted to one
contractor or assigned to one Government orga-
nization directly responsible to the procurement
agency for thar part of a svstem's total
performance.

System Engineering Mancgement—The ~nmbi-
nation of management actions to be accom-
plished during the life cyvcle of the system pro-
gram by the SPO. SEG R&T. GSE/TDC,
contract management activity, and contractors
necessary to control and document the engineer-
ing effort directed toward meeting total system
requirements. These actions include the estab-
lishment and maintenance of the technical in-
tegrity over all elements of the system includ-
ing hardware, computer program, procedursl
data, facilities, and personnel requirements.

TCTO—Time compliance technical order.
TD—Technical direction.

TEPI—Training equipment planning informa-
tion.

Test Functions—Actions necessary to demon-
strate or otherwise verify that the system and/
or system elements are capable of performing
basic mission requirements. Such functions
would include test requirement determination,.
testing, test support, and test result evaluation
during the conceptual, transition, definition, ac-
quisition, and operational phases (reference
AFSCM 375-4). This would include definition
phase feasibility tests; engineering evaluation
tests, reliability tests, production tests, and other
category I tests: acceptance test/verifications;
I&C tests; category II tests, including techni-
cal approval demonstrations to the using com-
mand/agency: follow-on developmental tests:
and follow-on operational tests.

R
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TSRP—Technical sunnort real propertv—Fixed
capital facility assets of the .\ir Force. normally
acquired within the authorization and funding
of the MCP which are svstem-peculiar or svs-
tem-oriented and which are required for all
technicai aspects of the rest, development. and
direct mission support of a specific svstem. Ex-
amples of TSRP are /1) operations facilities
directly associated with andg required for the
operation or readiness of the svstem. Their
relationship to other <vsten: elements 1s ~o inai-
inate that definit:on of requirements, design. and
construetion must be aceomphi<hed 1in comunc-
rion with other svstem clements on a total sys-
tem basis to meet svstem objectives: i.e.. launch
facilities, protective silos, comimard and con-
trol fac:lities, etc.: (2) rechnical support facil-
ities for direct and e~.entinl support of the
operational svstem and requiring close control
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and coordination during Jdehnition and design
to insure proper intertace with OGE and AVE
subsystems. i.e.. assembly and checkout facilities,
fuel storage, and processing and handling, spe-
cial component receiving, handling, and storage,
etc.: () test facilities required for test and
validation cf system components or subsystems
where critical configniratina and interfuce be-
tween thie component or =ubsvstem and the fa-
cility must be maintuned throueh the svstem
development and production vyvcles: (4) range
support facilities providing unique and critical
svstem functions in <upport of the operational
or test nussion: and (5) ~pecial training facil-
ities required for rrrining and snbject to the
same basic requiren.ents e ontrols as the
operational or support facility.

WUC—TWork unit code.
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Chogpter 2

OBJECTIVES

5. FUNDAMENTAL OBJECTIVES:

a. The basic objective of system engineering
is to specify the hardware, computer programs,
facilities, personnel. training, and procedural
data required to meet AF system mission re-
quirements. This manual prescribes the poli-
cies and procedures 1o be followed in managing
the system engineering efort. The system en-
gineering management process encompasses the
early identification of (1) AF system objectives,
(2) the *‘design to” requirements necessary to
meet these objectives, (3) the “build to™ re-
quirements which prescribe the ultimate con-
figuration of the system to be delivered to the
user, and (4) the requirements for personnel,
training, procedural data, and logistic support.
System engineering management as prescribed
1 this manual, will be initiated in the latter
part of the conceptual phase and continue
through the definition phase, acquisition phase,
and early operational phase of the system life

cycle (reference AF 373 series regulations and
AFSCM 375-4). The overall relationship of
this manual 1o other system management
manualsis illustrated in figure 1.

b. The two fundamental purposes of the sys-
eI engineering mithagenient process are (1) to
establish a single analysis, definition, trade-off,
and synthesis ot regu.acments and desigii s.-1a-
tions on a total system busis and (2) to provide
a clear and concise reference source for commu-
nication of selected system design solutions be-
tween the AF organizations. between AF and
the contractors. and amonyg contractor organi-
zavions. Design trade-offs must be made in
terms of time. cost. and performance, with these
factors weighted as appropriate for the system
being developed. The single reference source
will be evolved in consonance with the design
process and will be the basis for the identifica-
tion, control. and accounting of the system by
means of configurai jon management procedures
specified in AFSCM 375-1.

SYSTEM PROGRAM OFFICE *

(DIRECTOR z
AFSQM 375-

CONFIGURATION
MANAGEMENT DIV

AFSOM 375-1

PROGRAM CONTROL DIV

L.

1

DEPUTY DIRECTOR

PRCIJASMANT AND PROD
AFEQ 375-%

DEPUTY DIRECTOR
"R FOR
ENGINEERING

AFSQM 3715-5

DEPUTY DIRECTOR
FOR
TEST AND DEFLOYMENT
S 5=

Fgure 1. Systom Preg

Office Ory

izetion (reference APSCR 23-42),

*For an {ntroduction to the system program office (8P0). retcrence AFSCHM 375-3.
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6. SPECIFIC OBJECTIVES. The system engi-
neering managemenr etfort will be conducred to
satisfy che following specific objectives:

a. Define hardware. compuzer programs, fa-
cilities, personnel, and procedural dara thav are
required to fulfill rotal ~ystem or project
ohjecrives,

b Develop perfortance, design, and test pee
quirements during earty design on ihe basis of
thie ntegration and tde-oil of svstem periorm-
AR respuirenients, svstent cletients cequipnent.
comprer progeuns, facilities, provedneal data,
el personneld and svstem and end-item
Aesign constraints  oncluding, for example,
relbidity, mainenmabibicy, suevivability, val-
nerability, human pertormance, ~aferv.environ-
ment, life support-biomedical. procurability.
producibility,  interchangenbiiits. and rrans-
portabnlity ).

<. [uterrelate the desum edort with the de-
velopment of reqpurements for test, production,
statlation and checkont (1&C), acreptance.
suality assumncee. maintenance, and personnel
at an early pointan tie developient evele, anil
nuuntun this interrelationship throughout the
life cyele of the svstem.

d. Provide early information necessarv for
reviewing irems in the DOD inventory which
-in meet the requirements of the <vstem under
+onsideration.

e. Define and control the intersystem and in-
rrasystem interfaces at each step throughout the
definition and acquisition process.

f. Provide the necessary criteria in the sys-
tem performance/design requirements genernl
specification and detail specifications for eval-
uating contractor design development and pro-
duction effort against specified performance as
the busis for incentive-type procurement.

. Establish procednres for the control and
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accomplishment of -v<tem Jesien throughout
the life cvele of the program.

h. Provide a franmework of ecoherent system
requirements to be used as performance. design,
and test criterin: serve as source data for de-
velopment plans, contract work statements, spec-
ifications. test plans, design «rawings, and
ather spgineering (locinmentation.

Lo lstablish o singde sonres of standardized
~vatem requitetnent docmmentation which will
provide for clear il coneise communiceation of
vequirements between the A F and contractors
and among conteetors. Farablish a standard-
ized documentation which will provide a com-
won base for =P’} eviduation of contractor
proposails,

). Provide a functional svstem model for use
in genernting mathematical models. including
simulation techniques, to quantitatively evalu-
ate svstem effeceiv ene~s hefore. during, and after
desigm, fabrication, .l test of a system.

k. Provide the reclinical basis for configura-
tion management activities, such s definition
and Justification of  program  requirements;
extablishment of the prozram requirements base-
tine. design requirements baseline. and product
contiguration baseline: development of spec-
theations: and  justification for engineering
~hange proposals.

. Eliminave duplication in program require-
ment documentation,

m. Provide inregrated sourve data for deter-
mining treining requirements, such as training
courses und trnining equipment.

n. Provide integrated source data for deter-
mining logistic requirements. such as provision-
ing quantities, spare parts. and depot tooling.

o. Provide source data for deriving operating
and maintenance procedures, such as technical
manuals, technical orders. and utility manuals.




10 March 1966

AFSCM 375-5

Chopter 3
SCOPE

7. APPLICABILITY

a. The system engineering procedures speci-
fied herein are applicable to any system pro-
gram or project for which a formal definition
phase or acquisition phase is applicable or di-
recte. by higher headquarters (reference
AFSCM 375-4). However, these procedures
can be readily adapted to benefit sysrem pro-
grams and projects for which a definition or
acquisition phase, ir accordance with AFR 375~
1, is not directed {reference para. 11.0 exhibir
2).

b. This manual incorporates the requirements
of MIL-D-9412D (USAF), “Data for Aero-
sprce Ground Equipment (AGE).”

8. MANUAL ORGANIZATION. This manuai
esteolishes and describes a methoJalogy for
accomplishing the system engineering manage-
ment process. It contains two exhibits, in ad-
dition to the main body provided in chapters
1 through 6. These exhibits will provide a

basis for contractual requirement on applicable
systems or projects as specitied below :

a. Exhibit 1, “Procedures for System Engi-
neering Management.” presents the require:
nients to be met by the PO and contractors in
accomplishing syetem engineering. Exhibit 1
has been designed for contractual application
throngh the use of the procedures ourlined in
exhibit 2.

b. Exhibit 2. ~Implementation Require-
ments.” presents SPO requirements for imple-
menting this manual, an outline for the
required system engineering implementation
plan (SEIP), and crireria for selecting the sys-
tem engineering documentatinn applicsble to
the specified system or proje.  Also included
are the responsibilities of the Nystems Engineer-
ing Group of the R&T Division (SEG/R&T),
the general system engineering technical direc-
tion contractor (GSE/TDC). the integrating
nssembly contractor (IAC), the prime contrac-
tor (PC), and participating contractors.
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Chopter 4

POLICY

9. BASIC POLICY. The SPO will conduct sys-
tem engineering management in accordance with
the responsibility, documentation reviesw, and
control policies detailed in this chapter. This
chapter applies to any part of or exhibits to.
AFSCM 3735 which may be individually im-
plemented in 8 contract and will control in case
of conflict.

2. AFSC)! 375-5 defines an orderly process
for achieving total system design requirements
and the documentstion of technical informa-
tion leading to those requirements. It is not
intended to direct the contractor on how to
manage or organize, nor does it create approval
or disapproval rights beyond those called out
elsewhere in the contract.

b. Responsibility rests with the system pro-
gram director (SPD) for effective implementa-
tion of system engineering management within
the SPO and other interesting governmenta)
agencies, participating contractors, and the
SEG/R&T or GSE/TDC. Detailed policies
and procedures outlining the responsibilities of
SEG/R&T and all contractors. including GSE/
TDC, for the system engineering processes are
specified in exhibit 2.

¢. Formal reviews will be scheduled and con-
ducted to provids clear evidence of the progress
of the total program and of its technical ade-
quacy in all respects. Such reviews will be com-
prehensive and will be based on the system engi-
neering process prescribed by this manusl. Re-
views will include all the technica)] information
relating to the item under study necessary to
show its overall adequacy and will incorporate
the results of the investigation of the item's tech-
nical adequacy swith respect to specific disci-
plines; e.g., maintainability, safety, human per-
formsnce engineering, electrical design, and
mechanical design. No forma! reviews will be
conducted to assess less than the total design
adequacy of an item.

197-459 O-66—2

n

d. Documentation of the system engineering
effort will be in accordance with the require-
ments of this manual. The scope and degree
of complexity of the system under considera-
tion may not warrant full implementation of
the procedural and documentation requirements
specified. The degree to which these require-
ments are *¢ be app.ied will be specifically set
forth in the PTDP for the definition phase
and the PSPP for the acquisition phase (ref-
erence para. 8.0 of exhibit 2). Military speci-
fications requiring analytical effort may be
spplicable to system definition and acquisition.
These specifications will be applied only to the
estent that they supplement the requirements
of this manual. Duplicative effort is to be
avoided.

e. Control is to be achieved by directive with
Government agencies or by contract with indus-
trial organizations requiring these agencies to
comply with the process prescribed by this
manual.

f. System engineering management includes
the responsibilities of the SPO. the SEG/R&T,
and all contractors (including the GSE/TDC)
engaged in the engineering effort required to
meet system tequirements. The above defini-
tion includes, as sppropriate to the program
contract and mansgement structure, the func-
tion of facility system engineering (FSE)
either as an independent FSE contractor team
effort cr as an AFSC division civil engineering
sctivity effort supporting the SPO and employ-
ing an A&E contractor to accomplish FSE.
10. SPO/PROJECT OFFICE RESPONSIBILITIES.
The SPO or project office will provide overall
management of the system engineering process
defined herein. Hereafter, “SPO” refers to
system progrsm office or project office, which.
ever is applicable. Management includes exer-
cising authority over the development of the
system engineering documentation, related con-
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trols, and reviews as prescribed by this manual.
The SPD has the final approval authority over
uny controls, reviews, and cocumentation pre-
scribed by this manual. Specific attention will
be given to insuring (1) accomplishment of the
SPO actions described in exhibit 1,and (2) the
utilization of the system engineering process in
determining the impact of program changes on
total system requirements. The overall respon-
sibility for insuring participating agency com.
pliance with the system engineering process will
be assigned to the SPD. The SPO deputy di-
rector of engineering will be .assigned the
responsibility for technieal and administrative
management of the detailed system engineering
effort required by this manual. In addition to
technical task, the deputy director of en-
gineering personnel cesponsible for system
engineering will (1) provide overall guidance
to SEG. R&T or GSE/TDC and the contrac-
tors on the procedures of this manual: (2)
administer and coordinate appropriate sched.
ules: (3) serve as technical adviser to all SPO
and SPO-related organizations on the proce-
dures of this manunl: (4) disseminate appro-
priate system engineering documentation to
cognizant SPO and SPO-related organizations
for technical review: (5) chair meetings held
concerning application of this manual: (6)
approve the SEIP: and (7) oversee the admin-
istrative management of this manual. All or-
gonizational elements related organizationally
or functionally to the SPO (e.g., civil engineer.
ing activity, propulsion, reentry vehicle. and
AFCMD) that have a responsibility for any
part of the system will adhere to and support
the implementation of the system engineering
process.

a. Development of a System Engineering
Implementation Plan. The SPO will estab-
lish requirements for the SEG/R&T or GSE/
TDC to develop sn SEIP to impiement the
requirements and objectives of this manual
(reference para. 8.0. exhibit 2).

b. Establishiment of Contractual (wveruge.
The SPO will provide contractual coverage and
inemoran:la of agreement us necessary for the
tasks and levels of effort required to implement
the responsibilities of the SEG/R&T or GSE/
TDC, IAC or PC. and participating con-
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tractors specified in exhibir 2. (‘ontractusl
coverage will include exhibits 1 and 2 as imple-
mented in the SEIP and appropriate 310-1
data items (attachment 1).

¢. Proprietary rightx. Extrern: care must be
exercised by the NP0 not to disclose to third
parties any proprietary information properly
identified by the contractor in the system engi-
neering data.

11, REVIEW REQUIREMENTS:

a. Integrnted system engineering and tech-
nical direc.ion of engmeering eforts will be
reviewed on a periodic basis to determine the
technical adequacy of contractor efforts in meet-
Ing system requirements, including require-
ments for system erfectiveness, reliability,
maintainabiiity, logistic supportability, life
support/biomedical. human performance engi-
neering, survivability vulnerability, produci-
bility.  procurability. and  transportability.
These technical reviews. 1o be conducted by the
contractor. will in addition provide n basis for
technical direction. The SP() will assure that
all interested or afected commands (AFLC,
ATC, and using commands) are invited to par-
ticipate in these reviews in nccordanca with the
system management policies. procedures, and
responsibilities contained in AFR's 375-1. -2, -3,
and —.  Reviews will be ».ed by the SPO and
SEG. R&Tor GSE. TTa ' toevaluate and insure
utilization of the svstem engineering documen-
tation by the contrnctor as detailed in the con-
tract worx statement. The required reviewsare
categorized as follows : System requirements re-
views, system design reviews, preliminary
design reviews (PDR), critical design reviews
(CDR), first article configuration inspection
(FACI), scceptance test. and technmical ap-
proval demonstration (TAD),

b. During phase 1B of the definition phase
(reference fig. 3), scheduled reviews will be
established by the SPO and SEG/R&T or
GSE/TDC to esaluate the adequacy, complete-
ness, and internal contractor application of the
system requirements developed in the system
engineering process. During these reviews, the.
SPO and SEG/R&T or GSE/TDC will insure
(1) nssignment of action items for disposition
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of nonconformance identified as a result of eval-
uating system engineering documentation: (2)
availability of detailed svstem engineering
documentation to assess contractor progress in
developing specifications, in selecting equipment
and facilities. in defining intersystem interfaces,
in establishing personnel and procedural data
requirements. and in defining high-risk areas:
and (3) documentation of engineering in a way
to facilitate synthesis and integration of dif-
ferent contractor system und intersystem ele-
ments during phase 1C of the definition phase.
During the definition phase. system require-
ments reviews and system design reviews will be
the basis for initiaring technical direction.
During the acquisition phuse, PDRs, CDIts.
FACIs, acceptance tests, and TADs will be per-
formed on a scheduled basis to evaluate the con-
formance of preliminary and detail design with
the total system requirements stated in the Sys-
tem and Detail Specification.

¢. During phases I and II (reference fig. 2),
meetings will be required to resolve technical
problems. These neetings will not involve a
contractual change and will be classified as tech-
nical interchanges, which normally consist of
followup actions generated by the scheduled re-
views. A technical interchange may also be
established and conducted b/ the IAC or PC
as required to nchieve integrated svstem engi-
neering effort. Changes in requirements gen-
erated as a result of ““in process” reviews will be
formalized by technical directives. Technical
directives will be communicated to the contrac-
tor by the SPO through the PCO. In instances
where the technical or contract scope of the
change is extensive, technical direction action
may be concluded at s subssquent technical
direction meeting. Such meetings will be con-
sidered an extension of the original “in process”
review. Separate technical direction meetings
may be necessary to transmit changes in require-
ments generated by the SPO and SEG/R&T or
GSE/TDC or from higher headquarters. In
al] cases, technical interchanges and technical
direction meetings will be conducted within the
framework of system engineering established by
this manual.

d. Reviews and evaluations of engineering

progress will be made during the course of the
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program to assure that system design integrity
is maintained, technical deficiencies are isolated
at the earliest point in time, and necessary
changes are identified promptly. In general,
the depth of evaluation would include (1) re-
view of system and system segment perform-
ance. design, and rest requirements including
appropriate trade stucdies from which require-
ments were derived. (2) analysis and verifica-
tion of intercontractor functional interfaces,
and (3) review of performance and design re-
quirements for and test results of complex con-
tract end items (CEI) and components. Nor-
mally, the depth of evaluation would not include
recomputation nf contractor commonent/part
reliability anaiysis, aetaiied structurai analysis.
and other detailed or standard analytical ef.
forts; verification of material gage selection,
standard component/part selection. and de-
tailed functional and physical interfaces: eval-
uation of standard electronic component pack-
aging and other standard design techniques:
and evaluation of detailed circuit analysis, non-
critical component/part performance. and de-
sign requirements and solutions. While the
delineation of the entire range of actions en-
compassed by system engineering and technical
direction reviews will be contingent upon the
specific program under consideration, there are
significant actions during the definition and
acquisition phases which require specific atten-
tion. These are described below.

12. REVIEWS TO BE ACCOMPLISHED:

8. System Requirements Review. System re-
quirements will be reviewed by the SPO and
SEG/RAT or GSE/TDC when a significant
part of the system functional requirements has
been established and documented during the
definition phase. This review will normally be
made during the phase IB effort. Specific docu-
mentation to be reviewed, the technical depth,
the tentative schedule. and number of reviews
will be established by the SPO and SEG/R&T
or GSE/TDC. For example, the system re-
quirements reviews described in blocks 36 and
43 of exhibit 1 may be accomplishied as part of
the review called for in block 50. Reviews may
result in technical or system management re-
alignment to assure that the contractor’s initial
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technical interpretation of the contract is in line
with program objectives. The contractors shall
conduct these reviews of system requirements to
insure development of technically definitive
data.

b. System Design Review. The system de-
sign will be reviewed by the SPO and SEG/
R&T or GSE/TDC when alternative design
approaches, including corresponding test re-
quirements, have heen considered and the con-
tractor has defined and selected the equipment.
personnel. procedurnl Jnta, and facilities re-
quired. The schedule for rhis review will be
established by the SPO and SEG/R&T or
GSE/TDC. The reviex will normally be con-
ucred by the contractor when the definition ef-
fort has progressed to the point where the pro-
gram requirements and design approach are
more precisely defined. .is a product of this
review and evaluation, a rechnical understand-
ing is to be reached on the allocation of require-
ments to (1) the system segments identified in
the Svstem Specification, and (2) the CEI=
identified in Part [ Detail Specifications. This
review, together wirth phase IC evaluation and
synthesis. provides the necessary basis for initi-
ation of preliminary detign in phase II (see
ng. 2).

c. Preliminarmy Design Revieww (PDR).
PDRs will be conducted for each contrnct end
item. \When a major integrating contractor is
involved. the scope of the review shall encom-
pass the participating contractors. Its pur-
pose is to evaluate rhe progress, consistency.
snd technical adequacy of the selected design
and test approach and establish compatibility
with program requirements and preliminary
design. PDRs shall be conducted by the con-
tractor prior to starting detanil design. The
SPO and SEG/R&T or GSE/TDC will select
certain items based on their complezity and will
approve the agenda for the corresponding PDR
and review the preliminary design. The basic
documentation to be reviewed includes the re-
quirements and rest sections of the System Spec-
ification and the Part I Detail Specifications
(prime equipment, facility, identification item,
or critical components), and the Inventory
Equipment Requirement Detail Specifications:
accompanying drawings, schematics: interface
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drawings: and other svstem engineering docu-
mentation. PDRs are to assure that the design
approach in terms of equipment. personnel. pro-
cedurnl data. and facilities is an acceptable de-
sign solution to total system and contract end-
item requiremenis. Considerations at the time
of a PDR will inclnde compliance with design
and rest activarion crireria, evaluation of engi-
neering hreadboards and mocknps. interface be-
tween CEIlIs. schedule compatbility, and
design/development cost. PDRs will be con-
ducted on an incremental ~chedule established
by the contractor ~ubject 1o approval by the
SPO.  Action items resulting from PDR w 1l
be made contractnally binding an PDR partici-
punts by appropriate PCO action.  Detail
requirements .nd procedures for conducting a
PDR are specified in exhibit NIV, AFSCM
3v5-1.

A, Cpitical Desinpn Reviewe (' 11RY. CDRs
will be conducted on each CEI to derermine the
acceptability of detatl design. performance.
test. and activation characterisrics depicted by
the design solution specified in rhe Part IT De-
tail Specifications (prime equipmenr. facility.
iaentification item, eritical component), accom-
panyving drawings, and other svstem engineer-
ing documentation. In some cases, the desipn
solution may additionally be represented ty
mockups or breadbonrd models. These reviews
are to be conducted by rhe contractor prior to
complete commitment of resign to production.
As in PDRs. the SPO and SEG. R&T or GSE/
TDC will participate in development of the
agenda for the CDR. and review the designs
considered significant or critical to overall sys-
tem design, test, and nctivation. In establish-
ment of the acceptability of a specific CEL, the
prime requisite is to determine whether the
recommended detnil design and related test re-
quirements adequatelv satisfy the established
end-item design nnd test requirements. includ-
ing interfuces with personnel. fucilities. and
other system equipment. The product of n
CDR is SPO and SEG/R&T or GSE TDC
concurrernce. rejection, or technical direction rel-
ative to complete commitment of a specific
design to production. .\ction items resulting
from CDRs shall be made contractuaily bind-
ing on the participants by apprapriate PCO
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action. CDRs shall be conducted on an incre-
mental schedule established by the contractor
subject to approval by the SPO and SEG/R&T
or GSE, TDC. Detailed requirements and
procedures for conducting CDRs are specified
in exhibit XIV, AFSCM 3875-1.

e. Firat Article Configuration [nspections
tFACH. FACIs will be conducted by the
SPO and SEG. R&T or GSE TDC on the first
article scheduled for category II test or opera-
tional inventory suitable for systems integra-
tion. whichever is first. The FACI involves
compnrison of hardware with Part II Detail
Specifications and accompanving drawings
used in its production. It also includes deter-
ritnation of wierher changes dictated by pre-
vious reviews have been made. Successful
completion of the FACI establishes an ap-
proved product configuration baseline for the
CEI and results in initiation of formal engi-
neering change procedures (reference exhibit
IX of AFSCM 373-1 and ANA Bulletin 443).
After the FACI, there will be a contract action
to accept delivery of the CEI. Detailed re-
quirements and procedures for conducting
FACIs are specified in exhibit XIV, AFSCM
375-1. Inthe case of communication-electronic
facilities, an installation inspection is held after
the FACI and the results are certified on an
AFTO Form 58, “Communications- Electronics-
Meteorological Facility Installation Inspec-
tion Certificate” (reference T.O. 31-1-8).

f. Contract End Item and System A cceptance
Test. Acceptance tests will be held to demon-
strate conformance of the CEI to the require-
ments specified within the applicable Part II
Detail Specification. The result of a satisfac-
tory acceptance test is formal acceptance of the
CEI by completion of s DD Form 250, “Ma-
terisl Inspection and Receiving Report” (ref-
erence AFR 70-14). Subsequent to CEI test-
ing, system level acceptance tests will be
performed covering the assembly of end items
into subsystems or the complete system.

g Technical Approval Demonastrations
(TADs). Technical approval demonstrations
are normally held in conjunction with the turn-
over of the system to the using command when
multiple installatiors are involved. This re-
view and accompanying tests demonstrates that
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each ('El. each subsy:tem element. and the com-
plete system meet the overall systern require-
ments in the operational environment. The
SPD in coordination with the using command
determines the need for TADs on particular
system.

13. DOCUMENTATION REQUIREMENTS. Sys-
tem engineering results are to be documented
on forms covered bv AFSCM AFLCM 310-1,
following the intent and guidance of exhibit 1
to this manual. This requirement is applied
con.r-ctually by listing the required forms on
the DD Form 1423, “Contract Data Require-
ments List.” Total svstem requirements will be
identified. defined, and specified on a progres-
zive basis by mear: of tlis :v.rem engineeriny
documentation. This documentation forms the
basis for. evolves in consonance with, and ulti-
mately becomes a product of. the design process.
Normally the system engineering documenta-
tion required for delivery from a contractor
does not go below the CEI level except as war-
ranted for engineering critical components.
14. AIR FORCE MANAGEMENT CONTROL OF
SYSTEM ENGINEERING. Engineering effort
will be controlled by utilizing the procedures,
requirements, documentation, and reviews de-
scribed by this manual. The Jevel of control to
be exercised by the SPO will be progressively
increaged as a function of the level of design
achieved. The level of design will be designated
through the use of multiple sequential baselines
established at mejor commitment points in the
design process (i.e., for the definition of the
systero, & program requirements baseline; for
the development of the system, a design require-
ments baseline; and for the production of the
system, s product configuration baseline).
Management control will be augmented by as-
suring that all procurement actions are based
upon the hardware, computer program, facili-
ties, personnel, and procedura] dats require-
ments resulting from the system engineering
process defined herein. Positive management
control of svstem engineering will be accom-
plished by the SPO using the documentation
required in paragraph 13 and system require-
ments reviews, system design reviews, PDRs,
CDRs, FACIs, acceptance tests. and technical
approval demonstrations.
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15. CONTRACTOR MANAGEMENT CONTROL
OF SYSTEM ENGINEERING. Contractor man-
agement control shail be exerciced in conjunc-

tion with the contractor’s configuration man-
agement. internal drawing release, and specifi-
cation control systems. Nystem engineering
documentation established by this manual will
he utilized to develop. «efine, anid justify pro-
posed engineering changes vcontrolled by
AFSCM 375-1. Svstem engineering documen-
tation will normally not require further expan-
sion once the CEI Part | =pecifications and
associated interface contrnl Jdocumentation
have heen established except as necessary to sup-
port the generation of personnel subsystem in-
formation. technical manuals. and the mainte-
ance unalysis.

16. SYSTEM ENGINEERING CONTROL SUM-
MARY. A summary flow is presented in figure
2 toallustrate the use of the management proc-
ess (0 control the <virem engineering erffort.
Figure 2 is divided horizontally into the fol-
lowing four bands: (1) documentation, (2) type
of review, (3) contractual action, and (4) con-
fAeuration management baselines. The docu-
mentation band portravs the major kind of data
against which review actions will he conducted.
The review band illustrates the tvpe of review
necessary. The contractual band shows the con.
tract actions resulting from the revies. The
configuration management hand shows the eate-
gory of configurntion baseline control applicable
to or resulting from review. A\ summary
description of each black follows:

8. Block 1. System requirements are re-
viewed incrementally against rhe program re-
quirements baseline. System requirements re-
views assure that total system requirements are
being established. Tlhe result of these reviews
is visibility into the vontractor’s development
of requirements which contribute to satisfving
total system objectives.

b, Block 2. The svstem design is reviewed
aguinst the program requirements baseline, par-
ticularly the Systein Specificution. The system
design review takes place when the system ele-
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ments hiave heen selected and design approaches
have heen more precizely defined. The result
of this review is vicibility into the contractor’s
selection of system elements and design ap-
proaches for satisfving svstem requirements.

c. Block 3. PDRs are conducted against the
documentation of preliminary design ro vali-
date the approved design requirements baseline
thlock 2B) establislied by the Pt 1 Detail
Specifications,  The PDER asanres that (1) de-
sigm and test requuirements are valid, (2) the de-
<igm and test approach representinge the design
~olntion i~ aceeptable o ) punctional inter-
faces hetween end irem< have heen identified.
The vesult of a PDR infuences vontinuance of
detail desizm in accordanee with the approved
design approach.

d. Block 4. CDRs are conducted against the
detailed design information available: namely.
the initial Part IT Detail Specifications. The
result of a CDR i~ a vomiplete commitment of
design to production: ie. the contrctor will
produce equipment in aceordance with the detail
design presented at the CDR and modifications
to that design which resnit from CDR. CDR
actions in no way relieve the contractor from
meeting his contracr guarantees.

e. Block 5. FACIz are conducted to assure
that the hardware mutches the completed Part
IT Detail Specitications and accompanying
drawings used in its production.  The result of
FACT establishes an approved product con-
figuration baseline 1block 5.\ and is generally
a prerequisite to contract action which accepts
the delivery of the first article of hardware
(block 84).

f. Block 6. Acceptance tests are conducted
on CEIs and subsequently the assembled svstem
agninst accumnlated <pecificntions and draw-
ings. The result of acceptance tests is DD Form
250 “sigm ot (block 6.\).

g. Block 7. Technical approval demonstra-
tions nre conducted to demonstrate overnll per-
formunce of the assembled <vstem in its opernt-
ing environment. The result of Jemenstration
is formal turnover and acceptance of the system
by the using agency.
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Chapter 5
CONCEPT

17. FUNDAMENTAL CONCEPTS. The three fun-
damental concepts on which this manual is
based are:

a. Baseline Management. The intent of this
manual is ro establish and maintain a system
of documentation and positive definition and
control between interfacing AF requirements.
design reauirements, and design solutions of
the elements within a system (intrasystem)
and between systems (intersystem). This is
achieved by means of a concept of establishing
and managing the baselines through the use of
uniform documentation, engineering reviews,
and standard procedures which can insure an
orderly transition from one major commitment
point to the next in the system engineering
process. Baseline management consists of es-
tablishing the program requirements baseline,
the design requirements baseline, and the prod-
uct configuration baseline (reference AFSCM
373-1). These three baselines serve as engi-
neering reference points and represent the pro-
gressive and evolutionary development of
specifications nnd associated data. The specifi-
cations are a forcing function upon design, and
since they progress from general requirements
to detail requirements, they provide a level of
control which is initially of broad scope snd
is eventually narrowed to be more restrictive as
the design becomes more definitive. A con-
stant closed-loop relationship must be main-
tained between established system and design
requirements and design effort. thereby assur-
ing that the design effort is at all times purpose-
fully directed to meet, rather than exceed or
fall short of. total AF system requirements.

b. Design Prozess. Fundamentally, the proc-
ess involved in developing any design is u pat-
tern of common logical steps. The process
described herein defines theee steps within s
framework of engineering management. To
the mazimum extent practicable the require-
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ments of this document must hecome an integral
part of the design effort rather than a parallel
or reporting effort which duplicates the nor-
mal design effort.

. Functional Buxix, An essentia) element of
the process of svstem engineering is the em-
ployment of a functional approach as a frame
of reference for the identification of initiai re-
quirements at each design level of the system.
By translating AF requirements into the opera-
tions. maintenance. activation. and test func-
tions, which must be performed by the elements
of the system. a common reference point or
functional base is established for developing the
elements of the system. This functionsl ap-
proach can assure that definition is on a total
system basis in full recognition of all involved
elements; the possibility of omitting essential
elements is reduced ; o means for relating hard-
ware, computer programs. facilities, personnel,
and procedural data is provided: o clear frame
of reference for requirements is estsblished
and maintained: and communication between
personnel assigned to various system elements is
clearly established.

(1) The application of the functional ap-
proach to various types of systams results in
the logical definition of system elements. Fig-
ure 3, reading from left to right, illustrates the
system elements for typical system programs.
While system program types can vary widely,
it is necessary that all system programs initislly
identify the primary mission functions and re-
quirements, and then identify the functions and
requirements for supporting the mission as the
only basis for defining total requirements and
selecting svstem elements.

(2) For a typical manned space system, the
initia) effort is toward developing the flight
mission functions in order to define requirements
for serospace vehicle equipment (AVE) and
astronauts. Such operations functions may be
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“Achieve orbit,” ~Perform experiments.”
*Achieve rendezvous,” ‘"Recover mission data,”’
and “Recover personnel.” These initial fune-
tions would then serve as a basis for developing
more detailed operations functions in order to
identify more detailed requirements and any
needed trade-off studies. For example, trade-
offs might be conductedd _#ainst the function
~Recover mission data.” Alrernative ap-
proaches might involve either recovering an
e itire spacecraft or recovering ejected capsules
from the spacecraft.

13) \s system engineering progresses, deci-
<tons are made regarding means by which
functions can be met. These decisions. in turn.
form the basis for subsequent furrher inden-
tures of functions. Forexample, if the capsule
method is selected, this choice will generate
additional requirements and possible trade-offs
with respect to means for ejecting capsules.
Following the consideration of all the necessary
functions at the initial level of indenture to
define the flight mission functions the process
progresses to the next step. In the case of the
manned space program, this step would consist
of identifying the functions gencrating require-
ments which would be met by operating ground
equipment, technical support facilities and per-
sonnel required to conduct a launch. At this
point. required trade-offs would be conducted
with respect to selecting the tvpes of operating
ground equipment (QGE) necessary to satisfy
the required functions. For example. trade-offs
might be conducted between automated and
manual checkout merhods, various tracking
systems, and means of communicating with
spacecraft.

(4) Maintenance functions would be de-

20
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veloped in much the same manner and in some
cnses concurrently with the development of
aperutions  functions.  Maintenance require-
ments should be anulvzed as eatly as feasible
(i.e., once the equipment to be maintained has
initinlly been defitied) due to their influence on
the final defimition of total reqirements for
AVED OGE. operations facilities, and operu-
tions personhnel.

{53) Actvation and test funetions would be
developed an a concnrvent basis throughout rhe
definition of svstemr elements. That is. as svs-
tem elements are detined. the analysis to define
the related test and acuvarion requirements
(including. in selerted areas. production require-
ments) is accomri-nnd,  The re-niting test an-i
activation requirements will necessitate the defi-
nition of supporting test equipment, special
activation handling equipment, rransportation
equipmert. test and activation perzonnel, and
training.

{8) In the case of an electronic reconnais-
sance system, the initial indenture would con-
sist of the functions necessary for gathering the
electronic information in various forms dictated
by the requirements nf the system. For ex-
ample, gross operational functions might oe
“Detert electromagnetic transmissions,” - Col-
lect electromagnetic intelligence data.” “Reduce
intelligence data.” and “Interpret intelligence
data.” Initial trade-od's would select the vari-
ous types of prime mission OGE including
computer equipment and programs, available
facilities, and personne! required to satisfy the
above-listed functions. The maintenance. ac-
tivation, and test functions would be derived
from subsequent systein engineering of theee
initially selected system elements.
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Chapter 6

SUMMARY OF SYSTEM ENGINEERING MANAGEMENT PROCESS

18. FUNDAMENTAL CYCLE OF THE SYSTEM
ENGINEERING MANAGEMENT PROCESS. This
cycle consists of the four steps shown in figure 4.
The process is n method for defining the system
on a total bLasis so that the design will reflect
requirements for equipment, computer pro-
grams, facilities, procedural data, and person-
nel in an integrated fashion. It provides the
source requirement data for the development of
specifications, test plans, and procedures: and
the backup data required to define, contract,
design, develop. produce, install, checkout, and
test the system.

a. Step 1. The first step of the process is
started by identifying system requirements such
as those contained in a specific operational re-
quirement (SOR) and translating these require-
ments into basic functional requirements, i.e.,
statements of operation. These requirements
are presented in the form of top and first level
functional tlow block diagrams (reference
atch. 1) to portray the sequential and parallel
interactions of functions. .\t this point, the

and no mention i1s made of hardware, circuits,
or devices. This does not mean that design
solutions do not occur. I’reconceived notions
which shape design solutions will undoubtedly
exist. The danger lies not i having the no-
tions but in being unwilling to discard them in
the face of evidence indicating their unsuit-
avility. It is not necessary to procisim
solution at this point as the solution, but simply
to understand its use as a first hypothesis for
helping to mold the eventual solution.

b. Step 2. These functions and associated
criteria are anulyzed and translated into design
requirements as the second step of the process.
The design requirements are comprised of all
requirements, including design constraints, that
have a bearing on the functions being analyzed.
Equally important, the design requirements
contain sufficient technical detail to provide the
criteria for: (1) designing equipment and/or
computer programs and defining facility equip-
ment and intersystem interfaces. and (2) deter-
mining requirements for personnel, training.

significant characteristic is a functional design training equipment. and procedural data.
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These requirements are recorded on require-
ments allocation sheets (RAS) and timeline
sheets (reference attachment 1).

¢. Step 3. Ths third iundamental step con-
sists of system/design enginreering studies which
are performed concurrent]y with step 2 and step
4 to: (1) determine the selection of nlternate
functions and functions -equence, (2) determine
the design. personnel. training. and procedural
data requirements imposed by the functions, (3)
determine the best wuy to satisfy the design
requirements, and (4) select the best design ap-
proach for integrating the design requirenients
into CEIs of equipment and-or computer pro-
rrams, The design® approach is detailed to the
peint necessaty to satisfyv the level of require-
ments listed on the KAS. Narmally, these stud-
ies will involve trade-offs where the data are in
the form of schematic block diagrams. outline
drawings, intersystem and intrasyvsten interface
requirements. ~omparative matrices and daia
defining the reasons for selecting the approach.
including cost censiderations which influence
the design approach selection. The scientific
teols of system: design engineering studisc such
as probability theory, statistical inference,
simulation, compucer programing, information
theory. queuing theory, servomechanism theory.
psvchotechnics, cybernetics. mathematics, chem-
istrv. and paysies are nor discussed here.
Though thes are viral to and part of the sv.iem
design engineering studie-. it 15 not essentis! to
discuss these basic zcientific 7ools in order to
prescribe the requirements for effective system
engineering management. When required.
system/design engineering studies are recorded
in & Trade Study Report (reference attach-
ment 1).

*NOTE: Tbe term “design” applies to many levels
and points in time of defining and acquiring the system.
For example, early design at the system lecel resalts in
schematics showing the functional interface between
end {tems. whereas at the tiine of acceptance the design
nf the system would he represented by all end-ltem top
drawings. The design approach is to be distingulsbed
from the design solution. The design sclution would
include the top drawing whereas the derign approach.
conceroiog pbysicnl aspects, for example, would re-
quire a cootrol set function to be performed by three
chassis: signsl conditioning chassis (40 1b.). power
switchling chassis (30 1b.), acd power d!stribution
130 by,
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d. Step 4. Utilizing the design approach de-
termined from system - design engineering stud-
ies. the design requirements developed in step 2
are integrated into CEIs. The contmct end-
item performance. design, and test requirements
are recorded on a design shec: (reference attach-
ment 1). These requirements =hall sufficiently
define engineering nformation, nulizing nu-
merical values with assoviated tolerances, to
provide criteria for the detail design. develop-
ment. and test of the contract end item. The
design sheets dacumenr the “design 1o and “tesr
to” requirements for rontract end items and sub-
sequently become sections three and four of the
corresponding Part I Derail Specification tref-
erenca AFSCM 575-1). The personnel. train-
ing, training equipment. and proceduri data
required are based on tne cumulative effect of
the line entries in the RAX, JTnst as the design
renuirements are ta be arouped inta CEIs, the
lluman performance rasks reanired are grouped
into Air Force =neciaity codes 1t AFSC), the
training required is gronped intn enurses. and
the procedures are cruped intn rechnical men-
nals. techniral orders, and nther vrocedural pub-
lications. The design sheet an  RAS provide
the basic data for the preparation of the Quali-
tative and Quantitative Personnel Require-
ments Information tQRPRIs. Tmining Equip-
ment Planning information ( TEPI). and pro-
cedural data lists. Outpur= of step 4 are used
to (1) determine intersystem interfaces, (2) de-
termine additional reqguirements and functions
resulting from the technique or device selected
which in turn becomes the basis for second-level
functional flow block dingrams, and (3) provide
feedback to modify or verify system require-
ments and the functional flow block diagrams
prepared in step 1.

19. ITERATION OF THE PROCESS. \Vhen the
fundamental cycie of the system engineering
process documentud in top- and first-level fune-
tional flow block dingrams, RASs, Trade Study
Reports, and design sheers nas heen complered.
the second-level functions are identified and the
fundamentali cycie is repeated. The same pro-
cedure is followerl at any addirional levels re-
quired to define and design the svstemn. Nome
functions may not require separate diagram
levels and may be included in a higher level
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diagram. There are interactions and feedbacks
between levels as the cycle is repeated. For an
example of the fundamental] cycle at the third
level, reference paragraph 1.0, attachment 2.

20. DOCUMENTATION:

. Design sheets, together with the RASs,
functional flow block diagrams, and Trade
Study Reports, serve as the basic documentation
agsinst which enginetring is evaluated during
the definition phase. The design sheets are in-
corporated into the Part I Detail Specifications
used in engineering evaluations, such as PDRs,
CDRs, and FACIs accomplished during the
acquisition phase. The system engineering
management documentation also provides the
essential elements for other program manage-
ment actions. For example, functional flow
block diagrams, RASs, end-item maintenance
sheets, calibration requirements summaries, and
maintensance loading documentation are of
prime importance in developing logistic sup-
port requirements for the program. Identifl-
cation and definition of CEIs on design sheets
provide the source for specification tree, for
PERT/cost program breakdown structure, for
procuremeut action, and the basis for test plan-
ning. Tha system engineering process cannot,
and obviously will not, mske engineering de-
cisions itself, but it does provide a basis for mak-
ing the decisions and provides a discipline for
engineering and development of systems.

b. There are other factors which must also
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be defined as part of the system engineering
process. For example, reaction tiraes, msainte-
nance downtime, and maintenance functions re-
quired must be considered in determining de-
sign requirements and selecting the design
approach. The detailed system engineering
documentation involves time-line sheets, facility
interface shects, maintenance sheets, and other
documentation described in exhibit 1 and at-
tachment 1 to insure consideration of all factors.
In some cases, summary sheets for the deter-
mination of power-load schedules, electrical in-
put/output signals, monitor and checkout re-
quirements, etc.,, will be required. Certain
systems may not require the utilization of every
data item described in exiubit 1 and attachment
1 or may require modification of the data item
and documentation. In some cases, additional
documentation may be required. In the case of
computer programs. documentation tailored
to computer program needs may be necessary;
e.g., the format of the design sheet would not be
appropriste for specifying the design require-
ments for computer programing ; however, sorme
document serving as a design sheet is required.
The application of the documentatior require-
ments described herein must be made on & sys-
tem-by-system basis and specific documentation
requirements defined in the contract. In each
case, the requirements specified herein will be
spplied to the system under considerstion via
the SEIP of the PTDP (rzference pars. 8.0,
exhibit 2).




APSCM 3755

10 March 1966

Exhibit 1
PROCEDURES FOR SYSTEM ENGINEERING MANAGEMENT

1.0 INTRODUCTION. This exhibit establishes
the requirements for the step-by-step proce-
dures to be followed in implementing system en-
gineering management during the latter part
of the conceptual phase, through the definition
and acquisition phases, and the early part of
the operational phase. It specifies the required
system engineering documeniation and pre
scribes the relationships between docmenta-
tion, engineering, design reviews, specifications,
baselines, and major commitment points. Fig-
ure 5* is a sequential actions diagram cn a rela-
tive time Lase beginning with issuance of the
SOR/OSR/ADO extending through the early
part of the operational phase. This diagram
portrays system engineering actions to be ac-
complished by the SPO and GSE/TDC or
SEG/R&T and contractors. Hereaftertheterm
“SPO" refers to the SPO and the GSE/TDC or
SEG/R&T. The actions identified as octagonal
blocks in figure 5 shall be accomplished by the
contractors. The actions to be accomplished by
the SPO are identified as rectangular blocks.

1.1 Diagram of the Systern Engineering Man-
agement Process. The flow shows a specifica-
tion line, a system design line, an operations de-
sign line, a maintenance design iine, and a test
support line containing msjor interacting ac-
tions required in conducting system engineer-
ing. The outputs, phases, baselines, and SPO

MIL~-P-20006 (USAF) (pars. 3.1 and all subparas
thereto. Parss.3.4.2fand 3.4.4b.(1)).

MIL-D-26230A (UBSAF) (pars. 3.13, app. 1.2. and
pars. =1.4of app. 1.4).

MIL~M-20012C (UBAF) (parss. 34, 342 351
8.5.1.b, 8.8.1.c. 35.1.h, 8.5.1.1, 5.6, 3.7, 3.8. and 3.9).

MIL~-H-27804A (UBAF) (parss. 8.1.1.a. 885 38.1.
3.5.2,a0d 3.0).

MIL~8-38180 (UBAF) (paras. 3.24. 3.24.1, 8242
3243, 226, 83261 3262, 3203, 82631, and
32032).

svstem engineering technical direction review
points are identified on the bottom of the flow.
A complete list of the documentation required
by this manual appears at the beginning of
figure 5. The circled numbers appearing below
each block identify the documentation associ-
ated with the block. There is a continusl inter-
action between lines of actions, and while the
actions appear as step functions, they are in
fact points on a continuum. Figure 5 provides
the contractor with a “road map™ of system en-
gineering management actions ang specifies the
formal points for SPO management review of
the system as it is being defined, designed, and
developed. The following paragraphs describe
and explain the requirements of each block in
figure 5.

1.2 Cempliance With Related Mlilitary Speci-
fications. The implementation of the engineer-
ing design process described herein will result
in compliance with n substantial portion of the
military specifications identified in the list given
below. Listed with the specifications are num-
bers of specific parographs which will be satis-
fied. Separate and parnlle] efforts shall not be
expended in complying with the requirements
contained in these paragraphs of military speci-
fics.ions. Subperagraphs are not included un-
lees specifically listed ; e.g., listing 8.1.5 does not
include 3.1.5.1, etc.

Procedures for the Development of & Cockpit Sucbeystem
and Accomplishment of Systems Integration. 10 Mar 1938,

Data, Qualitative and Quantitative Personnel Requirements
Information (QQPR]), 14 Apr 186].

Maiotainability Program Requirements for Aercepace 8ys-
tems and Equipment. 13 Dec 1963,

Human Engineering Beqoirements for Aercspace Systems
and Equipment,  Jan 1963.

BSafety Engiveering of Systems and Asaocisted Subsystems,
snd Equipment; General Requirements for, 30 Sep 1963,

*For convenience, Sgure 5 is placed as the last page 1o the manusl.
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2.0 CONCEPTUAL PHASE REQUIREMENTS.

Block 1. SOR/OSR/Specified ADQ Farmulated
and Issued:

a. .\ significant result of research. advanced
Jdevelopment, and explomtory (evelopment
achieved during the conceptunl phnse is a spe-
cifie opertional equirement, an operational
support requirement, or an wlvanced develop-
ment objective (hereafter referred to as NOR/
OSSR ADO) which is issneid during conceptual
transition  National defense objectives, intelli-
aeie vstimates, threat imformation, foreim
technology, conceptual <tidies, and feasibiliry
<tudies provide military planning orgnnizations
with the information necessary to determine the
requirement for a new capability. When this
capability includes the need for n new system
and a1 gualitative  opemtionnl  requirement
1 QOR—reference AFR 57-13) has validated the
requirements for a new svstem. then HQ USAF
issues an SOR/OSR.'ADO.

b, An SOR OS8R ADO is issued when the
military value and the technical and economic
feasibility of the propmsed system have been
established. There is usually some uncertainty
about these factors throughout the entire con-
ceptunl phase. and consequently some judgment
niust be made concerning the relarive advantages
of issuing an SOR "OSR’/ADO versus ronduct-
ing further conceptunl svstem planning studies
or feasibility studies. An SOR provides con-
ceptual guidance for all nspects of the system
program, outlines the specific parameters, and
describes the required characteristics of the sys-
temn to be defined and developed to fulfill a near-
term operntional need. A specified ADO issim-
ilar to an SOR except that its purpose is to ful-
fill a long-:erm operational need (reference
AFR 375-1).

¢. Normally, an SOR or specified ADO will
contain (1) n statement of the military capabil-
ity required. including reasons for the require-
ment and background information: (2) if ap-
plicable, an enemy etfectiveness estimate: (3)
description of the friendly environment includ-
ing deployment requirement, site locations, sup-
port requirements, integration with other sys-
tems, security requirements, and self-sufficiency
and warning requirements: (4) au concept of
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operation maintenance and logistic support. in-
cluding positive system mission control, dis-
persal requirements, manning and manpower re-
quirements, personnel facilities requirements,
and materiel support requirements: (5) opera-
tional performance including, as applicable,
readiness requirements. survivability,/vulnera-
bility, system etfectiveness requirements. pen-
etrability, percenrage of kill, damage limita-
tions, payload weights, specific impulse. range.
computer programs required, warhead vield re-
quirements. system safety requirements, reliabil.
ity requirements. communication requirements,
altitude requirements, orbit requirements, take-
off acceleration. take-nd thrust, velocity, in-
COMM::z~1AN rate, TRNINg reulleients, sped.f
functions to be performed. rype of displavs re-
quired, number of installations, etc.: (8) esti-
mated cost and schedule: (7) the date when the
svstem is to be available: and (’3) a reference
list of supporting and related trade studies, in-
cluding current available DOD projects that
anddress the same threat. The SOR 'OSR/ADO
establishes the fundamental system require-
ments which are necessary 1o begin the system
engineering process.

Block 2. Identify, Review, and Select Source
Documentation. The initial SPO function in

the system engineering process will be to iden-
tifv. review, and select the slocuments which
have a direct bearing on the svstem. These doc-
uments will consist of the SOR OSR/ADO,
conceptual study reports for the system or sim-
ilar systems, and specialized data relating ro o
particular aspect of the system: e.g.. use of laser
devices or fuel cells and any other documents
which will aid in establishing the basic system
requirements. The SPO will prepure and main-
tain a list of these documents and will provide
copies of this list to contrctors with the state-
ment of work (SOW) for phase 113 { reference
AFSCM 373—4).

Block 3. Develop Gress Functions (Operationt,
Maintenance, Test, and Activation).

a. An initial step in the system engineering
process consists of formulating a functional de-
scription of the system. This functional descrip-
tion represents a gross level portraval of the
functions which must be met to :atisfy total
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system requirements and represents the genesis
of detail requirement determination. The pur-
poee of this step is to assure that (1) continuity
is maintained between system requirements and
engineering effort; (2) initial critical decisions
in system formulation are docamented and can
be retrieved as necessary; (3) total system re-
quirements are considered during initial system
formulation stages; (4) s means is provided for
maintaining positive control of gross functions
down to detail equipment functions; and (5)
interfaces between systems will be defined; o.g.,
interfaces with s command and contro} system,
esrly warning system, existing booster system,
or existing aircraft.

b. In developing the gross functions, a clear
relationship must be msintained between the
basic system requirements stated in the SOR/
OSR/ADO and the constraints emansting from
products of previous research and technology
actions. Thus, requirements of the SOR, ISR/
ADO (block 1) and the source documentation
(block 2) serve as the basic inputs for the for-
maulation of the groes functions. Changes may
originate as the result of changes in basic opera-
tional requiremants or as s result of changes
ceussd by design iterations which delete or add

functions. In either case, a clossl-loop rels-

tionship must be constantly maintained bet ween
basic system requirements and the gross func-
tions. A dexcription of the development of
ments follows.
¢. The basic system requirements identify one
of the typical System programs shown in figure
8 ,mmofﬂnuﬁmvorhmm
nqnirmh will be translated into
tm mainitenance, test, and acti-
vation functions (reference pars. 4 for explans-
tions of the functional catugories). These func-
tions are- then interrelated and flowed in
ssquines! a8 the top-level functional Sow- blook
diagram for the system. Hervafter, functional
flow ‘block ‘disgrams sre referred to ss func-
tional diagrams. The top-leve]l functional dia-
gram portruys the gross functions which must
bmpﬂ:bdbythoqﬁnpwwm
tho systam objectives. .
-d. Examples of top-level fnnaionnldiqnmn
ate shown in peragraphs 3.0, 3.0, and 4.0 of at-

M-4% O-08—9
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tachment 2. In the case of a manned space sys-
tem, typical gross operations functions for the
primary mission might be (1) Prepare spsce-
craft and launch facility for launch, (2) Launch
spacecraft, (3) Perform space mission, and (4)
Recover personnel and mission inforroation.
In the case of an electronic system, typical oper-
ations functions for the primary mission might
be (1) “Detect and track all space objects within
defined zone of apprehension,” (2) “Identify
mission of each object, compute spparent track
and target, compose and dispstch warning mes-
sages and information concerning available pro-
tective measures,” and (3) “Display coatinuous
status of space objects and defensive weapons
snd provide display of other pertinent dats
when called for.” In both instances above, the
cperatiocs functions must then be supported
by maintenance functions. Test and activation
functions are required to identify production,
scceptance, training, and test functions of a sys-
tem. Production function development should
be sccomplished on s selective basis to avoid
redefinition of standard factory operations and
techpiques.

o. As described in chapter 5, these functional
terms are vital and serve as group hesdings for
translsting system requirements into subfunc-
tioas. For example, subfunctions of the gross
function, “Leunch spacecraft,” might be
“Load fuel, load ondmr, calibrate guidance,
losd breathing oxygen,” etc. The level of func-
tions to be identified at this early point will
depand upon vhe degree of available knowledge
of the systeen, the degree of information re-
quired to _.epare the preliminary technical
development plan (PTDP), and the amount
of offort for definiticn phass IA
sxpansion of the PTDP. However, as & mini-
mum, the system operations, test, sctivation, and
maintenance functions will be identified to &
Jovel of detail sufficient to define the concepts
for operation, maintenance, and category I and
category II test and activation. The test com-
oopts thus developed will provide inputs to the
initial category I and II test plans described in
AFSCM 3750-4. At this point, it is expected
that first-level functions will be developed to
provide first-level functional diagrams for each
grom function in the top-level functionsl dis-
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gram. Functional diagrams will be numbered
to preserve continuity of functions and will be
depicted in the format shown and specified in
attachment 1.

f. The functions identified at this point will
not be limited to those necessary for aperation
of the svstem. but must include consideration
of mmintenance implications on system design.
Maintenance planning =hall be considered ar
this point to preclude the pnssibility of develop-
ing & technically feasible <vstem from an opera-
tions viewpoint. hefore it iz determined tha the
maintenance implications will prove costly ot
impractical or prevent the system frorm per-
forming reliably. Maintenance functions iden-
tified at this point will retlect the consideration
of allowable in-commission rates, downtime allo-
cations, and available maintenance resources.
Developing first-level functional diagrams for
the gross maintenance functions will be de-
pendent upon the amount of AVE and OGE
identified in the SOR/OSR/ADO. In many
cases, only an estiinate of the first-level mainte-
nance functions can be made ar this point, and
not until block 34 will there have heen sufficient
preliminary engineering to complete first-level
maintenance functional dingeams. The same
situation applies to first-level functionnl dia-
grams for test and activarion gross functions.
Functionel dingrams <hall be used as a basie
starting point for developing block diagrams
for effectiveness factors such as reliability.
maintainsbility, ete.

g- Functional diagrams portraying the func-
tionsl base for determining civil, structuml,
and architectural requirements will normally
be first- and second-level functional diagrams.
For an ezample. reference paragraph 5.0, at-
tachment 2.

h. A careful review of the top- and first-level
functional diagrnms will be conducted to assure
that continuity between flows has been main-
tnined and that trade-offs have been made be-
tween nlternate functions and flows. For ex-
ample. a computing function required for status
monitoring may be adequately combined with
u computing function required for missile guid-
ance. The functional disgrnm methodology
provides a technique for systematically trading
off o number of alternate functions and flows

30
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which will meet system requirements. These
trade-offs, as well as other rrade-otfs, require
system;/ design engineering studies to determine
which set of functional diagrams will best meet
the system requirements in terms of cost, time,
and performance. The svstem:design engi-
neering srudies are iescribed in hlock 8. At
this poinr, these ~tndies involve (letermining
predicted design solunnns and requirements for
facilities, people. and procedural daca for each
alternate function or How. These predicted
snlutions and requirementis are then compared
in terms of cost, time. and performance.

i. .\ maximum effort will be devoted to the
preparation of functional diagrams to insure
their completeness and accuracy. The basic
svstem requirements must be translaced into
funcrions in the form of discrete sratements of
an aobjective or standard. For example, sub-
functions of the wross function ~Flight mis-
sion” might be "Provide guidance signals.”
“Control vehicle attitude.” and ~Display data.”

j- Caution should be exerciced 1o avoid using
preconceived equipment confizurations as the
basis for developing functions. This does not
mean. as discussed in chapter 6. that desigm solu-
tions are totally ignored but. rather, that the
top- and first-level functional diagrams will be
limited to pure functions in order to provide
maximum latitude for allocating functions to
the optimum combination of equipment. facili-
ries, and personnel. An exception. however, is
the case where the basic svstem requirements
specify the utilization of certain equipment cor-
figuration and personnel.

8lock 4. Determine Design Requirements (Op-
erations, Mointenance, Test, and Activation).

a. Concurrently with the development of the
first-level functional diagrams. the functions
determined above are studied for the purpose
of translating the functions into initial design/
perfcrmance requirements and establishing in-
terfnces with other existing or to be developed
systems. A part of the study was devoted to
conducting trade-otfs ro determine the selection
of alternative functions and function sequences
as specified in block 3. Once the alternatives
nre selected, the study effort continues, analyz-
ing the functions to determine the design re-

~
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quirements to be satistied by a combination of
system elements: i.e., equipment, personnel, fa-
cilities, and procedural data. Reference at-
tachment 1, for Trade Study Report
requirements.

b. The design requirements should be defined
to a level of technical detail which will allow
preliminary recommendations for the basic
method of accomplishing the gross functions:
i.e., some combination of equipment, including
computer programs. personnel, and facilities.
For example, the recommended basic method
for the first-level function “Enable encoder™ un-
der the top-level function of “Perform missile
launch™ would be to do it manually: whereas.
ine recomnended method for tie first-level
function “Transmitter launch code™ under top-
level function of *‘Perform missile lsunch”
would be to do it automatically. The prelim-
inary recommended method for first-level fleld
maintenance function (e.g.,Perform G&C com-
puter controlled calibration sequence”) under
the gross function of “Support base mainte-
nance” would be to perform it sutomatically:
whereas, the first-level field msintenance func-
tion of “Sequence G&C system to calibrate
mode”’ would be to perform it with s man-
equipment combination.

¢. The design requirements generated from
the gross operation, maintenance, test, and ac-
tivation functions shall include preliminary
requirements for facilities. For example, the
initia] design requirements for one set of top-
and first-level functions may be satisfied by
selecting underground facilities in order to
meet s system gurvivability requirement;
whereas, snother set of functions may call for
above-ground facilities in order to meet the
same system survivability requirament. As
these facility requirements are being developed,
they will be evaluated for their criticality.
Those requirements which are cricical to direct
mission accomplishment or safety or are de-
pendent on stringent state-of-the-art technology
will be allocated to technics] support res) prop-
erty (TSRP). The noncritical facility re-
quirements will be allccated to nontechnical
support resl property (NSRP) design require-
ments. Preliminary requirements for facilities
will be defined to the level of detail necessary

N
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to idencify the total facility subsystem concept.
Industrial facility requirements will be identi-
fied in grose terms. sufficient tn allow planning
and evaluation of existing resources.

d. Facility system engineering (FSE) will
determine preliminary site requirements and
evaluate existing facilities or the need for new
facilities in order tn perform the top- and first-
level functions. In determining preliminary
site requirements, the facility system engineer
must consider (1) tlie environmental conditions,
i.e., operational (overpressure, thermal, etc.)
and natural (arctic. tropic. dry, humid, ete.) ;
{2) mobility requirements, i.e,, tixed {(above or
below ground in flat or mountainous terrain)
G e tai el TRUCE. el (5 uepiuy-
ment concept including use of existing base and
availability of existing facilities or deployed in
isolated areas that are inaccessible: () special
security requirements whether manned or un-
manned: and (3) hazard criteria. These fac-
tors should be conrained, at least conceptually,
in the documents identified in block 2.

e. In translating functions into design re-
quirements, put emphasis on stating recuire-
ments in quantified or well-qualificd t(erms.
The analysis of functions 0 determine the
design requirements shall be docuraented
on the requirements allocation sheet (RAS)
and supporting trade study reports and time-
line sheets (reference attachment 1, for detail
requirements).

f. The initial design requirements will, where
feasible, be in terms of (1) the purpose of the
tunction; (2) the parameters of design (i.e.,
input and output values and allowsble toler-
ances) ; (3) requirements which constrain de-
sign such as frequency allocation, power,
physical, interface, time, environment, use of
standard perts; and (4) requirements for sys-
tem effectiveness, reliability, humsn perform-
ance, safety, security, maintainsbility, and
transportability. Statements which merely
repeat the function title will not be included.
For example, for the function “Transport
transtage to launch area,” the RAS should not
read “Provide a means to transport the tran-
stage to the launch area.” The design require-
ments should include specific information
relative to transporintion distances and prob-
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lems peculiar to the moades of transport such
as physical charncteristics of the transtage,
environmental sensitivities of transtage, etc.

¢. \ major objective of concurrently devel-
oping first-level functions and determining the
corresponding design requirements is to elimi-
nate nonproductive or nonaitainable system
design configurations, test concepts, activation
concep =, and mamtenance voncepts, Ul\l'\‘ the
best atrainable alternatives should be pursued
1o the conclusion of having documentation pre-
pared for use in developing the PTDP.

h. The functional diagrams and the fune-
tional requizement~. including time relation-
<hips. identified on the RAS, trade studies, and
rime lines, shall «lefine the basic functions for
deriving 111 svsten. subsvstem, and CEL «2)
as applicable, component reliability require-
ment~ and predictions. inchuling inathematical
menlels and reliability inputs to :vstem etfective-
nes> models: and 13) overnll system efective-
ness models, including availability, repair-
ability, serviceability. and mission reliability
considerations. At this point. this functional
framework will be gross. Therefore. system
etfectiveness parameters can normally be devel-
oped only to define overall reliability, avail-
ability, ete.. requirements. \s lower level
functions and related hardware and personnel
requirements are developed. the reliability,
maintainability, availability, ete., parameters
<hall Le further defined and utilized ns a basis
for specific system etfectiveness requirements
and prediction development.

Block S. Provide Inputs te Preliminary Technical
Development Plant (PTDP),

. This block represents the culmination of
the action directed toward the preparation of
engineering information that forms an essential
part of the PTDP (reference AFR 373-3).
Specific inpwts include (1) functional diagrams
depicting the functions which must be per-
forimed to meet the requirements specified by the
SOR/OSR/ADO: (2) engineering descrip-
tions of the functions: (3) gross sulutions to
system requirements in rerins of the design re-
quirements which must be »-ot to satisfy defined
functions: (4) predicted equipment configura-
tions based on conceptual pha~e studies: and

2
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13) trade-offs consnlered and areas requiring
further exploration with emphasis on high risk,
technical, cost, or ~hedule areas.

b. The summarized engineering information
provided for the PTDP forms an engineering
base agninst which subsequent engineering de-
cisions must be evaluatesd. The engineering
infornation provided in the "D defines the
techiueal portion of tne program requirements
buseline. \Where engmeering results dictate
changes which do not fall wichin the parameters
of the established e, the approved PTDP
must be npdated 1o veflect the new parameters.
Since the PTDP is the governing authority for
the program during the definition phase, it is
essenttal rhat resuiting engineering etfort be
responsive to, become an integral part of. and
be constantly assessed in light of the PTDP.
Examples of the -pecific types of inputs pro-
vided to the PTDP are:

(1) High Rk .liceas, The ~Program
Summary” section of the PTDP zhould include
high technical rick areas identified by engineer-
ing. These rreas ~hnuld be related to the sched-
ules and test portions of the PTDP: i.e., ex-
tensive testing which is time consuming might
be required for a high risk technical area.

(2) Functiona? D7agrarm+ Functional
dingrams should be included as part of the
*Acquisition™ zection of the PTDP to outline
requirements in functional terms, as well as en-
gineering descriptions of the functions in terms
of design requirements. This information
serves to scope the design etfort required.

(3) Equipment Configuration. Informa-
tion ccncerning the configuration of equip-
ment is used for production and logistic plan-
ning and serves as the basis for the information
contained in the “Acquisition™ and “Logistics™
sections of the PTDP: e.gz.. what are the tooling
requirements and how is the progmm to be
logistically supported ?

(4) detivation and Teat Concepts. These
concepts are used as a basis for further expan-
sion into section 4 of the initial Syvstem Per-
formance/Design Requirements (General Speci-
fiention (reference exhibit I of AFSCM 373-1).

(3) Vission Profile. \Where approprinte
for the type of system to be developed, a mis-
sion profile shall be prepared from the flight

e~
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mission functions and related functional re-
quirements depicted on the functional diagrams,
RASs, trade study reports, and time-line sheets.

¢. For electronic systems, the engineering
inputs to the PTDP shall establish the concept
and the intersystem integration requirements
necessary to insure an early integrated and com-
patible hardware computer program capability.

d. It is essential that engineering results
are constantly reflected in the PTDP as the
program proceeds downstream.

3.0 OEFINITION PHASE REQUIREMENTS
3.1 Phase lA:

Biock 6. Expand Operations, Maintenance, Test,
and Activation Funclions.

a. An initial step during phase IA of the
definition phase will be to expand the opera-
tions. maintenance, test, and activation func-
tions previously prepared. The SPO will ac-
complish this action in preparation for the
issuance of the RFP.

b. The requirement is to expand top and first-
level functional diagrams previously prepared
to reflect changes resuiting from the approved
PTDP and informaation acquired while await-
ing approval of the program requirements base-
line. The level of definition attainable at this
time will vary; however, it is anticipated that
as & minimum. second-level functional diagrams
should be prepared. Ezxamples of second-level
functional diagrams appear in paragraphs 3.0
and 5.0 of attachment 2.

¢. Functional diagrams will serve to struc-
ture the System Performance/Design Require-
ments General Specification (hereafter referred
to as System Specification). Since the System
Specification includes the requirements for sub-
systems such as propulsion, guidance, and com-
munications and overall activation and test
requirements, it will be necessary to prepare
functional diagrams to the level necessary for
establishing the parameters of these subsystems.
As preliminary design information becomes
available, appropriate changes will be made to
the functionsl diagrams. Specific considern-
tion will be given to functional diagrams de-
picting alternate functional solutions for high
technical, cost, and time risk aress. Trade
studies will be required to select between al-
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ternate flows. Alternative functional diagrams
will be maintained until decisions regarding the
best design solution can be made.

d. The functions selected and the functional
diagrams prepared are to be direct responses to
system requirements rather than to preconceived
equipment solutions.

Block 7. Determine Additional Design Require-
ments lor Operations, Maintenance, Test, ead
Activation.

a. The expanded functions will be studied
to tranelate them into design requirements. in-
cluding performance requirements. The de-
sign requirements should be to a sufficient
level of technical detail to provide prelimmary
recommendations for the method of accom-
plishing the function. This analysis of func-
tions will be documented on the RASs and time
line sheets.

b. Blocks 6. 7, and § are enveloped with a
slight stepping of the blocks. The stepping is
to graphically portray that the three activities
are initiated sequentially, and the envelope is
to indicate that the accomplishment of these
activities evolves concurrently.

¢. The design requirements will be quantified
or well qualified terms expressing the (1) pur-
pose of the function: (2) the parameters of de-
sign (e.g., input and output performance values
and allowable tolerances): (3) requirements
which constrain design such as power. physical.
interface, environment: and (4) requirements
for effectiveness, reliability, human perform-
ance, safety, operability, maintainability, trans-
portability, and survivability/vulnerability.

d. In some cases, it will be necessary for the
SPO and the AFSC division civil engineering
activity to conduct preliminary site surveys to
evaluate existing facilities, including transpor-
tation facilities, or the need for new facilities.
The results of these site studies will aid initial
determination of facility design requirements.

¢. The gross system effectiveness paraineters
defined in block 4 will be further defined as ad-
ditional design requirements are developed.
These design requirements provide the inputs
and the technical basis for preparing the initial
System Specification (reference block 10).

f. At this point in the process. only the de-




APSCM 375-8

scriptive entries, the *Design requirements”
column, and the “Facility requirements™ column
of the RAS will be specified. Concurrently,
time constraints, as appropriate, will be estab-
lished, apportioned to functions, and specified
in the “Design requirements” column. Detail
instructions for completing RANs are contained
in .ttachment 1.

Block 8. Identity and Perform Trade-Off Studles.

a. System/design engineering and cost effec-
tiveness studies involving trade-offs were re-
quired in blocks 3 and 4 to derermine the selec-
tion of alternative functions and to determine
the requirements for design imposed by the ue-
lected functions. These design requirements
were at the gross level providing recommended
methods for accomplishing the gross- and first-
level functions and converting these functions
10 requirements for design, such as purpose of
the function, parameters of design, design con-
straints, and the requirements for reliability,
safety. human performance, maintainsbility,
etc.

b. With accomplishment of more system en-
gineering by expansion of the first-level func-
tional diagrams to a minimum of second-level
functional diagrams and determination of the
corresponding design requirements (blocks 6
and 7, respectively), additional trade studies
are required concurrently with the development
of flows and design requirements to provide the
technical rationsle for selecting certain flows
and design requirements. Trade studies shall
be performed by the GSE/TDC or SEG/R&T
to support the sbove sctions described in blocks
3, 4,6, and 7. Requirements for trade studies
for high-risk areas to be reported in the proposal
and those to be performed by the contractors
during phase IB will be identified in the RFP.
These requirements shaill include weighting #ac-
tors for the significant factors to be used in the
trade studies and key data; e.g., costs involving
military operations and logistical support. .As
system engineering progresses, requirements for
other trade studies may be identified by the con-
tractor and the SPQO. The performance of any
additional trade-study effort requiring a change
in funding of the phase IB contract will be sub-
ject to negotiation.
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c. This action represents an early assessment
of anticipated problems, focuses management
attention on high cost, technical risk, and time
constraining areas, and is directed toward pre-
dicting the consequences of significant alterns-
tive decisions. Since the resulting decisions be-
come irrevocable at an early point in the pro-
gram, it is essentinl rhat adequate management
attention be directed to any suspect areas, Cer-
tain critical trade study areas will become ap-
parent and will be identified for study. These
trade studies are to be accomplished on a systen
basis by means of appronch and standardized
reporting to provide a means for systematically
considering alternate decisions.

d. Trade studies are made at different levels:
thus the detail reporting data required for dif-
ferent trnde studies will vary considerably.
Trade studies shall be reported describing the
the analysis performed and the conclusions
reached in selecting from ulternative functions
and design approaches. As design becomes in-
creasingly detailed, the trade study reports be-
come more definitive. Each trade study report
shall cover the following topics: (1) identifica-
tion and listing of functional and technical
design requirements for trade-off; (2) identifi-
cation of possible design approachee and their
design characteristics: (3) comparison matrix
of design approaches: and (1) selection of de-
sign approach. Detail reporting requirements
are specified in attachment 1.

e. It may be that the selection still leaves two
or three alternative design approaches. In this
case, further deta.led cvaluation is pursued un-
til the trade study process supports the exist-
ence of a “best fit” design approach considering
nll of the performance, technical feasibility,
cost effectiveness, and delivery requirements.
Parsllel system engineering documentation
shall be pursued for each alternative vatil such
time as a firm decision is reached. A brief
summury rationale for abandoning alternative
design approaches shall be included in the study
report.

f. The trade study report is used to generste
and justify changes to schematic block dia-
grams, functional diagrams, and corresponding
design requirements contained in the Systam
Specification. Asmore engineering is donedur-
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ing the definition and acquisition phases. the
trade study results will affect Part I Detail
Specifications. Trade studies of varying levels
of complexity and impact will be accomplished
during ench phase of the system cycle. For
example, trade studies range from conceptual
level such as manned hombing svstem versus
ballistic missiles. through selection of com-
inunication media. such as radio versus land line
versus earth current transmission. through de-
sign of prninted circuits such as soldered versus
plug-in units. to trade studies concerning logis-
tics. such as provisioning two items of MGE
versus provisioning one item of MGE. Another
example would be safety trade studies which
include identifyving hazards: safery preble
areas due to equipment interfaces: safety re-
quirements for conducting naintenan e, test.
and training during svstem operation. For elec-
tronic systems, computer programs become an
important trade study consideration. For an
example of a trade study report, reference
attachment 2.

g. Trade studies may involve a variety of
engineering teciniques including complete or
partial simulation of operations, environment.
and maintenance loading. It may also include
an application of probability rtheory: informa-
tion theory: human, niental. sensory, and phy-
sical  ecapabilities: <ervomechanism theory:
mathemai‘cal models: and staristical models.
These scientific tonlc provide the backup ana-
lytical data supporting the trnde study. The
practicability of applyving all these tools must
be considered. In considering the complexity
of many trade studies, it is apparent that quick
and reliable means of predicting the outcome
for one design approach versus another is para-
mount. For example, the major factors in the
choice of structual material for o space vehicle
require n complex trade study. Utilizing the
most current scientific tools available is required
to provide quick and reliable means of predic-
tion in considerarion of (1) economics of the
complete vehicle: (2) strength-to-weight ratio
of the material: (3) experience of the plant
technicians and the design team with particu-
lar materinls: (4) manufacturing processes
available for production and fabrieation of
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particular material<: 13) aerndyvnanic heating
encountered : (6) physical chiaracteristics of the
material in contaec with the propellants: and
{7) available insulations and bonding tech-
niques.

Block 9. Identify Subsysiems and Major End
ltems, and Prepare Initial System Specification
Tree.

a. This activity rvepresents the culmination
of efforts «irected toward the definition and
~caping of subsvstems and the inirial identifica-
tiem of major end irems~,  The lerermination of
major end items and their functioning relation-
shire will be estanliched by means of srhemntie
Mock dingrams (lereafter referred to as sche-
matic diagrams) described in derail in attach-
ment 1. At this point in rhe program only
zeneral schematic diagrams can be prepared.
A= additional information i< acquired. the sche-
matic diagrams will become more definitive.
The schematic diagrams will be used to estab-
lish and define the paramerters of interface re-
quirements betveen ('Els and within each CEL
The identification of subsyvstems and major end
items allows determination of major portions
of the system which can be assigned to one con-
tractor or GGovernment agency for design and
development (reference exhibit I. AFSCM
205-1).

b. The initial specification tree. reflecting
CEI1 installation in the system ( reference figure
2, exhibit I, AFSCM 373-1) will be prepared
to graphically portray the decisions regarding
the determination of major CEIs and appor-
tionment of engineering efforts. The specifica-
tion tree represents n gross definition of the
reintionship between CEIs: i.e.. the manner in
which each CEI is to be assembled into the
next higher level CEI. At this time, the speci-
fication tree is not expected to provide a com-
plete identification of all CEIs constituting
the hardware element of the svstem. Assvstem
design proceeds. the initinl specification tree
will be updated to reflect decisions regarding
the selection or deletion of CEIs. The specifi-
cation tree displays the magnitude of the hard-
ware desiym effort in terms of prospective CEls.
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Block 10. Prepare Initial System Performance/
Design Requirements Generol Specification.

a. The SPO prepares the initial Nystem
Specification which is to be included as part of
the RFP. The GSE -TDC or SEG R&T shall
prepare the technical portions of the initial
Svstem Specification. This System Specifiea-
tion presents tatal system reqpurements for the
Jdesign aned developmient eifort bused on s¥=tem
engineering  experience previou<ly acquired
and retlects the major engincering lecisions
whieh have been nuule regarding the perform-
ance and destgn ot the sv-ter,

b. The System Specification =hall be based
on the svstem engineering «ln-umentation pre-
-criber! herein: e.r., RANS and rimeline sheets.
Content requiremenis for the Svstem Specifica-
tion are specified in exhibit I. AFSCM 3v5-1.
The followinge <vstem enzincering documenta-
tion shall he part of the Syv<iem Specification:
11) Functional diagrams depicting the func-
tionnl parameters of the total system (reference
attachment 1), (2) schemaric diagrams estab-
lishing the desizn perforniance parameters of
each subsvstem (reference. attachment 1). The
SPO shall identify the systemn requirements to
he controlled using svstem reanirements ECPs
treference exhibir VIII, AFSCM 393-1) dur-
ing the phase IB contract perind.

e, (Gross category I, categorv (1, acceptance.
rest -verification, and [&C regnirements iwill be
included in the Nvstem =pecineation to provide
an estimate of the scope of the svstem test pro-
gram. The test requirements are intended to
provide the means of verifying that system
performance and design requirements have been
met. Results of the system test program con-
ducted to meet the requirements contained in
the System Specification will form the basis for
the acceptance of the terms and conditions of
design and development contracts.

Block 11. Provide Inputs to RFP. This step
represents a culmination of all previous system
engineering acrions: i.e., the work statement in-
cluded as part of the RFP will contain the
cumulative results of engineering knowledge in
terms of toral system requirements. The sig-
nificant engineering products to be included in
the RFP are:
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a. Systemn Speeincation.  \s  previously
stated. the System Specifieation, including the
specification tree and syvstem engineering docu-
mentation will be included as part of the work
statement.

b. Trade Study Requirements, Specific trade
sty requirement< will be identified, a3 well as
the approaci to Ine 1aken in conducting these
studies,  The rrade <rndies conducred by the
GSE. TDC or ~EG R&T will be ineluded.
Specific procedures and formar requirements
for trade studies will he ~pecified a3 stated in
attachment 1. The work ~tatements will spe-
cify the trade <tudies to he made during the
definition phase.

oo Test Progroa [opuirements, his svork
statement input includes the category I, cate-
wory II. acceptance. rest verification. and 1&C
requirements contained in the System Specifiea-
tion and rhe test program requirements emanat-
ing cherefrom.  For example. “The Hight test
program shall consist of 10 fligivs, and flight X
shall demonsirate that the requirements for
stage separation have heen met.” Require-
ments for demon=rration of reliability, main-
tainabilicy. and othier etfectiveness factors as
allocated to the varinus elements of the system
=hall be included. \ny required safety demon-
strations and explosive hazard classification
testing will also be delineated.

A. Actiration Proarom Requirements. The
overall requirements for production. I&C, and
training shall be inclided. These requirements
will be based upon the System Specification,
functional diagrams depicting the activation
task. RASs, and time-line sheets. For example,
the system engineering documentation relating
to activation defines the tasks for installing and
checking out the equipment. This would not
include derailed I&C requirements that must
be based on the detailed configuration informa-
tion which will appear in Part II Detail Speci-
fications but would include the gross require-
ments necessary for scoping the I&C tasks.

e. Incentive Recommendations. Incentive
recommendations by the SPO deputy director
of engineering will be based on the identifica-
tion of high-risk technical, cost. and time areas.
Incentives by definition are proportional to the
risks involved. Where a high-risk area is in-
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volved. a proportionate incentive shall be es-
tablished. Thus, the identification of high-risk
arens serves as the basis for the development of
incentive provisions.

Block 12. Confractors Start Proposal Prepora-
tion.

a. The next wzroup of actions. blocks 12
tirrough s, depictsa rypical sequence of actions
by contractors in responding to an RFP. Theze
actions ave presented to iilustrate the vontrae.
tors’ design iteration rather than to prescribe
rigid procedures which must be followed by the
contpactors, 1t is mtended to provide a better
understanding of the requirements to be con-
runed wirhin the REP.and the tzve and level of
response expected in the phase IB proposals.

b. While the relivery of the RFP officially
signals the start of the contractor proposal
efforts. considerable effort will have been es-
pended by contractors prior to this time: ie.
conceptual phase studies, advanced develop-
ment efforts, and independent research and de-
velopment etforts. Therefore, the program sill
not be starting from a zero point, but will
usually have the benefit of considerable back-
grcund information prior to the issuance of the
RFP.

¢. During the proposal preparation period.
the GSE/TDC or SEG ‘R&T shall prepare the
technical portion of the criteria to be used in
evaluating the contractor response to the RFP.

Block 13. Review System Specification and Sys-
fem Engineering Decumantation.

8. The System Specification and related sys-
tem engineering documentation defined herein
is the point of departure for contractor engi-
neering actions during the proposal effort. An
initial step by the contractor should be to review
the System Specification to structure his engi-
neering efforts in response to the RFP. [Initial
actiong include (1) an evaluation of the re-
quirements contained in the System Specifica-
tion through the use of the background knowl-
edge, experience. and capabilities possessed by
the contractor: (2) the establishment of a pro-
posed design approach to the requirements con-
tained in the System Specification; and (2) the
assignment of responsibilities to engineering ele-
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ments within the contractor’s urganization for
additional preliminary design edort.

. The system engineering documentation be-
comes 4 major enginering management tool in
assigning responsibilities to various engineer-
ing functions within the contractor’s organiza-
tion. Functional diagrams depict system re-
quirements in funcrional terms: schematic
diagrams depict de=igm characteristics hetween
and within each subsvstem: RASs relate the
functions to be performed by the system to the
design requirement which must be sarisfied to
meet these functions: and trade study reports
describe the comparative analysis and selection
between alternative design approaches. As
suci, the wotinaentation . ines the enginseriny
requirements to be satistied and thereby pro-
vides engineering management with the tools
necessary for assigning specitic responsibilities
to each engineering function and for assuring
that complete system coverage is attained. Re-
sults of engineering efforts during the proposal
period should be subsequently reflected in the
System Specification and the system engineer-
ing documentation submitted as a part of the
contractor’s proposal. therebr providing a com-
mon base for SPO evaluation of contractors’
technical proposals.

Block 14. Verify and Expond Fenctional Dia-
gram: and Design Requirements.

a. Following the revies of the RFP data.
particularly the work statement. and the Sys-
tem Specification included therein. the contrac-
tor should conduct a critical review of the top,
first-level. second-level, etc., functional die-
grams contained in the RFP. The contractor
should verify the accuracy and adequacy of the
operations, maintenance, test. and activation
functions appearing in the functionnl diagrams.
If necessary, the functions and their flows
should be modified to reflect the contractor’s
technical experience and planned approach to
meeting the system requirements. The flows
should be expanded to lower levels as necessary
to adequately portray his approach to system
design. Where alternative modes of operation
are applicable, these modes should be repre-
sented by alternative flows. The verified and
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expanded functional disgrams should be made
part of the contractor’s technical proposal.

b. Concurrently with the review of the func-
tional disgrams, the contractor should critically
review the design requirements contained on
the RAS. The contractor should verify the
-accuracy and adequacy of the requirements for
operation, maintenance, test, and activation
functions. Where necessary, the requirements
should bs modified or expanded to reflect the
contractor’s technical experience and approsch.
The verified and expanded design requirements
should be used to evaluate whether the func-
tions identified and their implied hardware solu-
tions will meet the conditions specified in the
System Specification.

c. Time-line analyses should be performed on
time-critical functions to determine automstic
or manual requirements. Functions should be
considered time-critical when the estimated time
required to perform the functions has an ad-
verse effect on reaction time, downtime, and/ot
availability requirements. Time-line analysis
should be used to derive time constraints sppli-
cable to design requirements identified in the
RAS and should provide the basis for evaluat-
ing time-gsensitive elements defined by the oper-
ationsl concept and plans in the RFP. The
time-line data should depict the concurrency,
overlap, and sequential relationships of the
functions involved in the analysis and evalus-
tion effort. Time-line sheets should be prepared
in accordance with attachment 1. The facility
requirements contained in the RAS should be
reviewed and expanded to reflect the contrac-
tor's requirement for facility support, paying
particular attention to the development of those
requirements that are of a direct technical sup-
port nsture. Where possible, specific facility
pecformance or design parameters should be
listed against the system functions on the RAS.

d. The verified and expanded design require-
ments on the RAS and time-line sheets should
be made part of the contractor’s technical pro-

poeal.

Block 15. Identity Requirements for End ltems,
Facllities, ond Personnel.

a. Utilizing the design requireinents con-
tained on the RASs for operations, test, activa-
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tion, and maintenance functions, the contractor
should extract portions of one or more RASs
and reassemble the design requirements into
CEIs by means of schematic diagrams. The
contractor should utilize the information pro-
vided by schematic diagrams in the System
Specification to accomplish the transition from a
functional orientation to an equipment orients-
tion. The schematic diagrams provided in the
System Specification should be verified and ex-
panded as nppropriate. The primary objective
of preparing schematic diagrams is to graphi-
cally portray interfaces of components and to
provide a tool for integrating design require-
ments into specific equipment and facility de-
sign recommendations.

b. A significant action during the prepsara-
tion of the contractor’s proposal should be to
identify preliminary design requirements for
the major CEIs contained in the specification
tree described in block 9. These CEIs will bave
been identified by the SPO in the initial System
Specification. The design requirements should
be entered on a design sheet as described in at-
tachment 1. It is not expected that complets
design requirements for these major CEIs can
be provided in the proposal: however, they
should be detailed enough to allow proper evalu-
ation of the intended design appreach for the
CEI. Requirerents which may be satisfied by
items of unmodified equipment in DOD inven-
tory (including facilities) or commercially
available items should be identified. The con-
tractor should consider (1) equipment defined
by current Government specifications or modi-
fications of such equipment; (2) off-the-shelf
commercial equipment currently in DOD inven-
tory; and (3) other off-the-shelf commercial
equipment or modifications of such equipment.
Furthermore, there may have been DOD equip-
ment specified in the SOR/OSR/ADO or
PTDP such as n 7040 computer or a Titan II
booster.

¢. In the process of revier and expansion of
fucility requirements on the RAS, certsin facil-
ity end items may be tentatively defined, psr-
ticularly in the case of command and control
centers, radar tracking stations, etc. It is neces-
sary to recognize as early as possible that cer-
tain facility equipments may impose critical re-




10 March 1966

quirements on other facilities. For exumple,
lavnel spray or deluge facility subsystem re-
quirenients may impose critical requirements on
water and power subsvstems, In the case of
contractor ident:fication of a major operational
CEL such as n commercin! compurter, it may be
possible to define detailed facility interface re-
quirements such as power, environment. and
Hoor space.  Where th.s level of detail 15 mndi-
vated by the CEI dennttion. the facility require-
men:= ~hou,.1 be rerarded on o factlity interface
<heet as outiined in attachment 1. Based on
these facilities, CET design requivements, and
data provided in the RFI. the contraceor =hall
prepare facility perspectives and schematic dia-
grams. For exinple: of factiny scuematic dia-
grams and facility perspectives, reference at-
tachment 2.

d. Urilizing 1 ) personnel wad training con-
straints contained in the Nysrem Npecification.
12) system design requirements, and (3) pre-
liminary methods of accomplishing gross func-
tions tblock 4), the contractorr should identify
the consequent personnel dnties oz gross jevel.
zlentify personnel positions. and proviae an
estiinute of the numbe: of personnel wlho wil; Le

required to operute, maintain, and ~ontrol the
system.

Block 16. Perform Selected Trade-OFf Studies
and 'dentify Definition Trade-Of Requirements.

a. Blocks 14 through 16 are aecomplished on
aconcurrent basis; thau is, trade studies are re-
ipured to provide the technical basis for the ac-
tions “.escribed by blocks 14 and 15. For ex-
ample. deterining time estimates for time-
critical functions will ofren require comparing
one potential solution with another by means of
a trade study. It is not intended that all the
trade studies specified in the RFP Le actually
made during the propusal prepuration period.
Tmde studies requiring extensive effort will be
minde during the definition phasc.

b. The vontractor should review the Trude
Study Reports provided with the RFP and the
tracde study requirements identified for accom-
plishment in phase 1B and verify their accuracy,
need, and criticality. The contractor should
identify, as part of his proposal, any additional
critical trade studies requived during the defini-
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tion phase. The contractor should document, in
accordance with atiachment 1. the trade studies
required to be reported in his rechnical proposal.

8locc 17. Vesifv ond Expand System Specifica-
tion.

a. The Svstem =~pecitication contained in the
RFP presentsin ~tmulanrlized format the system
destgn approuch 10 be emploved in meeting sy's-
tem requirement-,  In verifving and expanding
the System Specifieation, the contractor will be
requirerl to present engineering decisions which
sonvey an understanding of the requirements,
i overall engieering capability, and mannge-
ment acimen.

. Te the System Siecifentinn. tie contractor
should {:: reflect decisions regarding various
trade studies performed: (2) espand the speci-
fication tree to reflect lower level CEls, showing
the assembly relationship invelved in the pro-
duction and J&C' process: (3) present an
approach to the test program. including duvinon-
stration of effectiveness factors. such as relia-
bility/maintainability and any required safety
demonstration. as reflected by the requiremen.s
contained in section 4 of the System Specifica-
tion: (4) present an understanding of the inter-
face reguirements of the system (i.e, the
refationships berween and within subsystems) :
15} show his understanding of the dependence
the svste:n has on inputs from: and outputs to
other sverems: «6) depict the relationships be-
tween farilities, equipment. procedural data,
and personnel elements of the systen (i.e., which
functions have been allocated to each of the
above elements and what is the impact on AX
manpewer, equipment costs, schedules, facility
construction, etz.); (7) present the items of
inventory or commercial equipment he plans to
use as part of the system: (8) confirm the quan-
titative requirements initially specified by the
SPO: and (9) present his approach to the oper-
ation und maintenance of the system.

¢. It is the intent of the System Specification
provided in the RFP to establish a frame of
reference for further engineering effort rather
than an absulute set of requirements. The spe-
cific intent is to allow for maximum flexibility
of design approaches to satisfy total system
requirements. It is at this point that creative
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effort is required and has the largest payof.
The System Specification provides a standard
hase within which competition can freely oper-
ate to ultimately produce the best system at the
lowest possible cost in the shortest time period.
In verifying and expanding the Systein Speci-
fication. each contractor has maximuin flexi-
hility ro display his full capabilities within the
parameters of svstem requirements.

A In the rase of an axeociate contractor
structure, each associate will respond to the
approprinte subsystems for which he is respon-
<tble as well .s the weneral rvequirements
contained in other sections of the System Speci-
fication. It will be the rask of the Source Se-
lection Board to evaluate the proposals in terms
of the best possible combination of contractors
with full consideration of interface appronches
a=simed by each assoriate contractor.

Block 18. Provide Inputs to Controctors' Pro-
posels. The contractors’ engineering npproach
to the requirements conunined in the RFP
~houl«t be reflected by specific inputs to the pro-
posals. Inaddition to these engineering inputs,
rechrical inputs should be made to the program
management plans such as the Test Plan, the
Togistical Support Plan, and the Activation
Plan. The system engineering documentation
sleveloped during the proposal preparation
period should be un integral pit of the pro-
posal.  Since the praposal submitted in re-
~ponse to the RFP will he subteqquently used us
the basis for contract negotintions. it is essential
that well-defined engineering requiremnents be
established by means of the proposal.

3.2 Phose 1B:

Block 19. Engineering Inputs to Phase 18 Con-
tract. Contract award for definition signals the
start of a significant engineering effort to define
the total requirements of the svstem. The con-
tract will be awarded againet the System Spe-
cification iientified as part f the program
requirements baseline. While preceding blocks
have described in some detail the preliminary
engineering definition effort primarily accom-
plished by the SPO, it is during phase IB of
the program that eng'neering definition in
depth is performed by the contractor. The
engineering products of the dehnition etfort
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will define the design requirements baseline
which scope the total engineering effort for the
acquisition phase. [t is therefore essential that
maximum engineering etfort he expended dur-
ing phase IB to define all the elements of the
svstem in as complete detail as possible. To
nccomplish the latter. an orderly sequence of
~teps has been established to assure that a sys-
tematic approach is followed. The following
steps provide the means for documenting the
engineering defimition of each elemen: of the
system.

Block 20. Identify Applicoble Requirements and
Update Source Documentation. The contractor
shall identify the requirements and correspond-
ing sourve documentation appiicaile to the sy=-
tem under consideration. [nformation sources
include the source documentation list provided
by the SPO (reference block 2). the negotiated
work statement and Syvstem Specification, and
other backyground infermation applicable to the
system. The proauct of this effort shall be a
single source documentiition list (o be used as
source reference for the svstem program. As
the documentation contained in the list is up-
danted, the list shall be updated to reflect the
current issue dntes of the referenced documen-
tation. The intent iz to pro-ide a method for
identifving in a ~ingle place an authoritative
reference list of documeniation rhat represents
available knowledge of 1/ » program.

8lock 21. Develop Deloi:
tions.

irations Punc-

a. The contractor shall develop detailed
opciations functional diagrams which depict
graphically and sequentially the detailed func-
tions which must be satisfied to meet stated sys-
tem requirements. These functional diagrams
(reference attachment 1) are indentures to the
functional diagrams that wete presented in the
phase IA RFD, expanded by the contractor’s
proposal. and included in the negotiated System
Specification for phase IB.

b. The contractor is not limited to the num-
ber of functional diagrams required to inden-
ture each major function. To describe the basic
operations requirements of the system in func-
tional terms, it is anticipated that third- or pos-
sibly fourth-level functional diagrams will be
required. In nctual practice, th.e level of inden-
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ture of functional diagrams can be based only
on sound engineering judgment and the pecu-
liarities of the system under consideration.

c. From a logical point of view. it is necessary
1o define operations functicns prior to defining
maintenance, test, and aotivation functions.
However, it is also true that the development
and selection of operations functions can be
influenced by previously acquired experience
concerning maintenance, test, and activation
implications. Operations functions which can-
not be logicaily supported from a maintenance.
rest, or activation point of view are not to be
selected. VWhile the identification of detailed
maintenance, test, and activation functions is
based upon operations functicns solutions,
there are other constraints and considerations
which limit the selection of these solutions.
Subsequent etforts to define the maintenance,
test, and activation functions will atfect the
selected operations functions and will validate
or result in changes v previously selected oper-
ations functions. ‘The prime emphasis in devel-
oping operations furcrional diagrams should be
to determine the minimum essential functions
necessary to meet operntions requirements,

d. Alternative functional paths for meeting
system operations requirements shall hs con-
sidered. Though trade studies were identified
and made earlier. the mnjor portion of system
trade studies will be conducted during this phase
of the program. It is essential. therefore, to
select only those alternatives which offer sig-
nificant payotfs in terms of time, cost. and per-
formance, and to investigate these nlternatives
in depth. Engineering decisions shall be made
on the basis of the best approach to the system
rather than upon any feasible approach. The
functional frame of reference specified and de-
picted by the basic functional disgrams (top-,
first-, and second-level) should be stabilized by
this time.

e. Since future definition effort will be di-
rected toward deriving solutions to operations
functions, major engineering effort shall be ex-
pended in preparing functional diagrams to in-
sure completeness and accuracy. Functional
diagrams represent the apex of the definition
pyramid and establish the total frame-of-refer-
ence for the definition of tiie equipment, facili-
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ties, personnel. and proced ral data required to
meet system objectives. Suu:<quent indentures
cannot be satisfactory if the frame-of-reference
1s in error. The significance of the initial de-
tailed functional diagrams cannat be overem-
phasized. They establish the uitimate goals
which must be met by the total engineering
process.

Block 22. Develop Design Requirements for
Operations Funciions.

a. This action is an extension of the work
prescribed in blacks 4. 7. and 14 and changes
made during the contract negotiation. Up until
this time. the operations. mmaintenance, test, and
activarion faretions have heen looked at r~on-
currently. The operauons functions are now
studied in detail. This is not to convey that the
impact of maintenance, rest. and activation
functions is not considered. but tro emphasize
that, before detail definition for maintenance.
test, and activation cun be vigorously pursued,
engineering must have defined what is to be pro-
duced and what is to be maintained. tested.
installed, and checked out.

b. Inherent in describing any process is the
necessity for specifying required actions in
series. This does not imply that the system en-
gineering process simply follows from left to
right from block to block without considerable
concurrency and feedback of results to change
original ideas. These feedbncks nre represented
by the dotted line from the first group of blocks
on the operations design line to the first group of
blocks on the maintenance design line.

c. The operations functions shall be trans-
lated into design requirements and documented
on the RAS. In developing the functional di-
agrams portraying the operntions functions, the
coniractor must determine design requirements
to assess the validity of the function chosen and
to provide the basis for future equipment se-
lection configurntion. In tianslation of the
opersations functions into design requirements,
major emphasis shall be placed on quantification
of information in performance terms.

d. The RAS shall contain the applicable
functional dingram number, the name and num-
ber of the function. the design requirements,
the facility requirements. and CEI identifica-




APSCM 373-5

tion. The “Design requirements” column shall
contain (1) substantiation of the function: (2)
parameters of design (i.e., input-output per-
formance values and allowable tolerances) : (3)
quantitative requirements which constrain de-
sign such as power. physical, interface. environ.
ment, human performance capabilities and limi-
tations. and time: and (4) requirements for re-
liability, survivability/vulnerability. -afety.
rmaintainability, and transportability. For an
exampla of a RAS completed 1o this point in
the process. reference paragraph R.0, attach-
ment 2.

e. The “Facility requirements” column shall
identify and justify facility functions such as
(1) environmental requirements (e.g.. tempera-
ture and humidity ranges, illumination. and
noise levels) : (2) power. air conditioning, ven-
tilation. heating, space. and mounting provi-
<ions: (3) civil/structural/architectural re-
quirements imposed by the function and design
requirements (structural requirements shall be
in terms of material and minimum dimensions) :
and (4) facility equipment identified earlier.
The facility requirements, the design require-
ments, and the top level functional diagram
provide the data for facility system engineer-
ing (FSE) to identify critical requirements and
to complete facility functional dingrams, RASs,
schematic diagrams. facility perspectives. and
design sheets as appropriate for the TSRP.
FSE contenctors shall identify those nperations,
inaintenance, test, and activation functions with
fucility implications and prepare facility func-
tionsl diagrams. The facility design require-
ments resulting from the facility functional dia-
grams shall be documented on RAS. In this
case ne “Facility requirements” column of the
RAGL shell be used to identify additional facil-
ity requirements imposed by facility design
requirements.

f. Time-line analyses shall be performed on
the time-critical operational functions which
may or may not invoive human performance.
The design requirements shall be used to de-
termine if the times imposed by the functions
on the RAS, when cumulated, will meet the
critical time requirements specified in the Sys-
tem Specification. Time-line sheets shall be
used to record the time-line analyses ns specified
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in attachment 1. An esample of a time-line
sheet of time-critical operations functions is
shown in paragraph 9.0 attachment 2. The
time lines shall display the length of time re-
quired to accomplish a function plus the appro-
priate function start rime considering optimum
use of equipment and personnel. Travel time
and equipment warmup time are to be included
in the time calculations. The time lines de-
termined in block 14 were estimated allowable
times, whereas the times calculated or predicted
at this point are estimated required times based
upon rhe design requirements developed. The
rime-line data shali be used to evaluate the op-
erational concept and plans in rerms of system
reaction time.

Block 23. System Requirements Review.

a. This action consists of the initial SPO
review and evaluation of the contractor’s effort
to define the system requirements in terms of
operations functional diagrams, RASs, and
time-line sheets. Backup trade studies should
be available to support the contractor’s tech-
nical decisions presented for review. Since this
documentation establishes the frame of refer-
ence for the remaining system definition effort,
the SPO will verify that the frame of reference
is valid and that interfaces between contractors
have been nppropriately allocated. In order to
accomplish this validation, it is necessary to as-
sure that all participating contractors have pro-
vided their functional diagrams to the appropri-
ate integrating or prime contractor prier to the
initial system requirements review. All con-
tractors shall participate in the initial system
requirements review.

). The function of the in process” review
will be to evaluate the progress and direction of
the initial phase IB effort ruther than to con-
duct an on-the-spot technical integration of the
system. This review serves to inform the SPO
that the contrnctors are performing within the
scope of the definition contract and are conduct-
ing an effort appropriate ta the tasks delinented
by their work statements. This action esiab-
lishes a documented point nf departure for fu-
ture effoit. While the degree of formalization
and the depth of this review is dependent upon
the nature of the program. the review will be
the basis for any technicnl or management re-
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alinement considered necessary by the SPO 1o
meet the definition phase objectives. Asa mini-
mum, it is expected that the functional dingrams
to the third level would be reviewed at this time.

¢. This system requirements review wiil serve
us the vehicle for additional direction: e.g.. any
changes in requirements would be reviewed for
impact on established functions and the corre-
~ponding desten approach. It is to establish an
orderly procedure for the exchange of technical
imformation using standurdized documentation,
between the contrurtors and the SPQO at a speci-
el and scheduled time.  ‘This action must as-
sure \hat engineering decisions ure recorded,
that actions are assigned to participuting agen-
ies, and that techrical directiun is understood
by all concerned activities.

Block 24. Perform Trade-N# Studies (Opero-
tions Elements of the Systems).

2. Blocks 4. 25,26, and 27 are performed con-
currently. The contractor shall accomplish (1)
the trnde studies specificully directed in tie defi-
nition phase contruct and (2) those necessary to
provide technical substantintion of requirements
for CEls, facilities. personnel. and truining re-
quired for operstions functions. Where possi-
ble, efforts to perform the directed trade studies
shall be correlated with the trade study actions
required in support of blocks 25. 2° and 27.
Trade study etforta shall balance the relation-
ship between categories I and II test require-
ments, operations design requirements, and acti-
vation requirements. The decisions made and
documented to date are an input to the trade
studies to be performed. The trade studies shall
identify alternate CEIls, facilities, personnel,
programs for training, and for electronic sys-
tems the planned use of computer programs re-
quired to satisfy the operations functions and
design requirements developed in blocks 21
and 22.

b. The trnde studies shall consider us u mini-
mum (1) availability of current equipment in
the DOD inventory, existing fucilities, facility
equipment, personnel with necessary skills, and
existing training programs and trsining equip-
ment; (2) special tooling required ; (3) develop-
ment and production lead times required: (4)
state-of-the-art: (3) manufacturing require-
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ments: und transportation requirements. Spe-
cial emphasis shall be directed to assessing the
impact on the total system made by the selection
of alternate CEIs. facilities. personnel, and
training. For example, the effect a spacecraft
configurution has upon thrust requirements,
payload. size and weight of personnel. and OGE.
An example of trade study factors influencing
Jdevelopment. rosts, and facility requirements in
the selection of a propulsion design are (1)
damaging noise and vibrtion levels: (2) engine
radionctivity or potential for spreading radio-
active material after catastrophic malfunction;
(:3) propellant toxicity chamcteristics; and (4)
high residual radioactivity after operation.

. Trade studies =uall be documented in ac-
cordance with attachment 1. and reported as
directed by the SPO. The decisions made from
the results of the trade studies shnll be reflected
on (1) design sheers. inventory equipment re-
quirements and ('EI ildentification specifics-
tions, schematic dingramns for operations CEIs;
(2) design sheets. inventory equipment require-
ments specifications. facility perspective, sche-
matic diagrams, und facility interface sheets for
facilities: und (3) RASs und time-line sheets
for operations personnel and training. Trade
study results shall be exnmined to determine
feedback chunges to operations functions, design
requirements for the operntions functions
thlocks 21 md 22), and to the System Specifi-
“Heiom,

Block 25. Develop Dasign Requirements lor
Operations End ltems.

a. Utilizing the design requirements on the
RAS, the contructor shall extract portions of
one or more RASs, reassemble the design re-
quirements into operations items by means of
schematic dingrams. and develop corresponding
groes category 1 test and gross activation re-
quirements. The design requirements on the
P.AS, and the initin] test requirements shall be
integrated on the design sheet for each CEI and
critical components. Herenfter, CEI refers to
contract end items or critical components. The
operstions items identitied nt this point are typi-
cally the highest level assemblies expected from
the factory. For manned or unmanned space
systems. manned or unmanned aircraft systems,
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and ballistic missile systems, AVE and OGE
comprise the operntions ('Els for which design
requirements are developed. For electronic sys-
tems, OGE (ins'ndiig computers). and com-
puter programs, are the operations CEIs for
which design requirements are developed. See
figure 3 in chapter 5 for an illustration of the
svstem element hreakdown of rvnical svstem
programs.

h. The design ~heet ~hall be used as the hasie
desigm and test requirements documient, serving
as the “design to™ forcing function upon engi-
neermng and provuling it eategory | 1est ve-
quirements. The design <heets prepured during
phase IB become sections :3 und 4 of the Part I
Dewil Specifications whiciv are required proci-
ucts of phase IB. It is mandatory that require-
ments be stated in engineering terms. Npecific
numerical input-output performance values and
allowable rolerances shall be used rather than
general sturements.  For example. statements
such as “the CEI shall be designed to be mauin-
tainable™ is not acceptable. Rather. the re-
quirements impimed by maintainability simll be
~tated in quantitied or best-estimate quantitied
or well-qualified terms which define specific de-
sign features (see MII-M-26512C).

¢, The basic intenr of the lesign sheet is to
provide a single foal point for consideration of
all design and caregories [ and II test require-
mnents for a CEL  Design and test requirements
~hall relect inputs from varons disciplines such
as desym engineering, facility engineering,
~afety engineering. human engineering, miin-
tainability, survivability/vulnerability, relia-
bLility, transportability. value engineering, and
test and shall be hused on design and test re-
quirements in the System Specification, RAS,
trade study. and any other system requirements
documentation (reference hlock 20). FEntries
will vary considerably depending upon the com-
plexity of the CEL the preliminary design en-
gineering accomplished during the definition
phase. and system requirements. During pre.
liminary design engineering and in the process
of trade studies, esign solutions to design re-
quirements develop. The design solutions se-
lected by the rcontractor now bhecome recom-
mended design approaches.

d. The design and test requirements for each
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CEI shall be documented on the design sheets.
Common hand tools. desks. furniture, etc., shall
not be identified by means of design sheets. The
design sheet shall be identified by the CEI num-
ber or for engineering critical components the
identification number assigned to the item (ref-
erence paragraph 6.2.3. exhibit X, AFSCM
375~1), and shall appear the first time the sheet
13 prepared. The CEI numbers and nomencla-
ture of the design sheet shall be entered on the
RAS under the “Equipment Identification” col-
wmn adiacent to the corresponding design
requirements which the item of equipment satis-
fies. For items not to be .dentified on a design
sheet the nomenclature and index number (ref-
erence attachment 1; shall he entered. The
design sheet shall be reserved for contractor fur-
nished equipment. Detsil requirements for
preparation of the design sheet are specified in
attachment 1.

e. Design requirements to be satisfied by
DOD standard items of equipment and facilities
shall be directlv translated from schematic dia-
grams and RASs into the requirement sections
of the appendixzes of the Inventory Equipment
Requirement Specifications (reference eghibit
V, AFSCM 375-1). The contractor shall use
the AF technical information file (MIL Hand-
hook 300) and any other means available to in-
sure mazimum considerntions of (1) equipment
defined by current Government specifications or
modifications of such equipment: (2) off-the-
shelf equipment currently in DOD inventory :
and (3) other off-the-shelf equipment or modi-
fications of such equipmert. The inventory
equipment requirements shall be quantitative
and include the functionsl characteristics of the
item in the system, subsystem, installed environ-
ment, and complete item identification (i.e.,
Federal stock number, part number, nomeacla-
ture). The functional characteristics and de-
gign requirements are to be derived from the
svstems specification, RAS, trade studies, and
other system requirements. The Inventory

Equipment Requirements Specification is used
directly in lieu of the design sheet whenever the
contractor intends to recommend existing un-
modified DOD inventory equipment to fulfill
the functional characteristics and design re.
quirements. The design sheet is used for inven-
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tory equipment and commercial items which are
to be substantially modified. The Part II De-
tai] Specification format for prime equipment
(reference exhibit IJ, AFSCM 373-1) is appli-
cable for defining unmodified or slightly modi-
fied commercial equipment. The nomenclature
part number and/or Federal stock number of
the inventory equipment item shall be entered on
the RAS in the “Equipment Identification™ col-
umn and adjacent to the corresponding design
requirement which the item of equipment
atisfies.

f. Schematic diagrams are u-ed to reassemble
the design requirements on the RASs into an
integrated set of design requirements compris-
ing a CEL. In the development und use of sche-
matic diagrams and the preceding functional
mechanization drawings, trade studies may be
required. Schematic diagrams shall depict the
functional operation of the recommended equip-
nent in a system installed configuration. Later
these schematic diagrams shall be revised to
include maintenance characteristics determined
from the RASs developed in analyvzing mainte-
nance functions. The schematic diagrams shall
show how the design requirements on the RAS
are to be satisfied by the proposed CEI or sub-
svstem designs. They shall show the flow of sig-
nals and sequencing requirements. together with
interface requirements with other subsystems
and CEIs. Schematic diugrams shall identiyy
the RAS and functions being satisfied. They
shall illustrate end-to-end and. or closed-loop
functional relationships of the hardware to
satisfy design requirements for the operational
mode and shall later be revised to include the
maintenance mode. The evolution of schematic
disgrams starts with functional diagrams and
leads to functional mechanization uisgrams.
which lesd to functional schematic diagrams
and detail schematic diagrams. The terminol-
ogy of theee diagrams is not standsrd. Func-
tionsl mechenization diagrams may be referred
to as Jogic diagrams. However, there are other
types of logic diagrams which are used subee-
quently to schematic diagrams, as in the case of
electronic circuitry used to prepare detail draw-
ings. Mechanization, schematic, and logic dis-
grams a;e required st different lovels, just as
“design™ occurs at different levels. Detail re-
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quirement for sciiematic dingrams are in attach-
ment 1. An ezample of schematic diagrams is
presented in paragraph 8.0, attachment 2. De-
tail requirements for logic diagrams are pre-
sented in MIL-STD-806.

g CEI test requirements developed at this
point shall be limited to the initial definition of
category I tests necessary to «emonstrate com-
pliance with the performance and design re-
quirements specified in section 3 of the design
sheet. For the purpose of this manuasl, category
1 tests are defined as including system. sub-
svstem. and CEI engineering evaluation tests:*®
preliminary qualification tests®: formal qualifi-
cation tests: tests and demonstrations of effec-
tiveness factors: and engineering critical coni-
ponents qualification tests necessary as part of
the design and development program. Accept-
ance tests for CEIs. subsvstems. and systems are
not part of cntegory I tests. Test requirement
entries in section 4 of the design sheet shall refer
to the section 3 requirement to be demonstrated
and shall indicate whether compliance will be
demonstrated by engineering evaluation tests,
preliminary qualification tests. formsl quslifics-
tion tests. tests and demonstrations of effective-
ness factors, engineering critical component
qualification tests, or combinstionz thereof.
t Reference AFR 30-14. AFSCM 3754, and
exhibit IT of AFSC)I 375-1 for category I test
objectives.) YWhere selecred section 3 require-
ments compliance demonstration must be de-
ferred to category II testing due to (1) the in-
tegral system relstionship of certain CEls or
(2) the need to make such tests in an operstional
environment, these category 11 test requirements
shall be specifically identified on the design
sheet. All category I and category IT test re-
quirements shall be identified in section 4,
“Quality assurance,” in the System Specifica-
tion and Part I Detail Specifications.

h. Test requirements developed shall be in
consonance with the test concepts and require-
ments established by the program requirements
baseline. Test requirements for category I tests
should not duplicate each other and should not
duplicate the acceptance, 1&C, and category 11

®NOTT.: Limited to tests meeting the criteria in
exbibit 11, AFSCY 375-1.
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test requirements. To minimize test duplica-
tion, reliability tests and demonstrations shall
be performed as an integral part of other cate-
gory I testa and category 11 tests to the greatest
extent possible. Effort shall be made to provide
test program coatinuity from s test “measure-
roent-to-be-accomplished™ and a time-sequence
basis. For example, engineering evaluation and
quslification tests may quantitstively verify
that s specific pull force will open a critical
module drawer under all operations conditions
expected to be experienced by the item: acrept-
ance tests would more simply measure the force
required to open the module drawer at ambient
conditions on the specific item being accepted
to determine whether manufscturing tolerances
are such that the pull force was within the
allowable mazimum/minimum ranges specified
in the contractual specification: category II
tests would not measure the required force at
all,but may determine whether the required pull
force was within the capability of the personnel
simulating the operations situation.

i. CEI, subsystem., and system category J test-
ing shall be done before acceptance of the initial
CEI, subsystem, and system. In some instances.
acceptance testing may be conducted on a devia-
tion basis. For example, when CEI qualifica-
tion testing has not been completed before
acceptance of the initial CEI. a contractual
deviation must be granted before initintion of
the CEI acceptance tests.

j. Based on the test requirements for oper-
ations CEIs, the test functional diagrams and
corresponding RASs, schematics, and test
equipment design sheets siiall be further ex-
panded or initisted to define new test functions.
test sequences, and requirements for special test
equipment, test facilities, and test personnel.
As the definition phase progresses, test and acti-
vation functions and related equipment, facility
pervonrel, and procedural data requirements
that are generally defined at this point shall be
expanded into test and activation requirements
in the same manner as operations and mainte.
nence requirements. Test and activation re-
quirements and solutions shall be subject to the
reviews and controls specified for operations
snd maintenance.
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Block 26. Develop Operations Requirements
for Facilities.

a. Facility system engineering (FSE) shall
integrate facility design requirements into fa-
cility CEIs in the same manner as for other
operations CEIs (reference block 25). Facil-
ity CEIs may bLe represented by complete
facilities such as ADC control centers, SAC
launch control facilities, and TAC alert hang-
ars which also serve as facilities for mainte-
nance, or by critical RPIE subsystems such as
power generation and distribution and environ-
mental control systems. In some cases facility
CEIs may indenture to other CEIs. Facilities
that must be constructed for systemn operation
or in support of svstem operation shall be de-
fined in Facility CEI Specifications (reference
exhibit ITI, AFSCM 375-1). Equipment so
identified aball be defined on design sheets, and
the determination of RPIE/AGE designation
will be made by the .\ir Force in acrordance
with AFR 40041 prior to initistion of the ac-
quisition pl.ase. Facilities or equipment avail-
able in Government inventory shall be defined
in the Inventory Equipment Requirement Spe-
cification (exhibit V, AFSCM 375-1).

b. The essential inputs to the facility CEI
Specifications and equipment design sheets shall
come from (1) functional diagrms; (2) sche-
matic diagrams: (3) RASs: (4) facility inter-
face sheets: and (3} engineering analysis, eval-
uation, studies, and site investigations.

c. The facility functions identified by other
contractors shall be analyzed by the FSE and
further developed into specific facility func-
tions depicted on functional diagrams. This
analysis will normally result in the development
of lower indenture functional diagrams and
preparation of RAS by the FSE o further
define the facility requirements and concepts of
design.

d. Facility interface sheets prepared by other
contractors shall be analyzed by the FSE and
collsted into design requirements for specific
facility CEIs. When being prepared by con-
tractors other than the FSE, the facility inter-
face sheet is a work sheet and a checklist to
assist the contractor in developing the facility
support requirements for operations equipment.
In this manner, each of the participating con-
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tractors states his requirements for facilities
support of the operations CEI he is defining.
The facility interface sheet is the means for
transmittal of requirements data to FSE. In
the hands of FSE, the facility interface sheet
hecomes 2 working tool for the FSE to collect
and collate all interface requirements imposed
on a particular type of facility subsystem.
For example. all facility interface sheets show-
ing CEI requirements for electric power are
collated. aleng with RAS requirements, to pro-
vide input to the preparntion of the power sub-
svstem schematic block diagram and desigm
sheet. The same facility interface sheets may
be sorted by specific locations or areas to derive
the structurul and environmental requiremnents
for a particular building.

e. The FSE shall originate facility interface
sheets where the definition of a particular oper-
ations facility CEI results in an interface with
another facility CEI: e.g., launch duct require-
ment for cooling water. They will be handled
and processed by the FSE just like any
other facility interface shct. The extent
of entries on the facility interface sheet
will depend on the extent of definition of
facility CEIs and operations CEIs in block 25.
Paragraph 7.0, attachment 1. specifies the detail
requirements for completing the facility inter-
face sheet. Inconjunction with the preliminary
desigr, of facilities using schematic diagrams.
it will be necessary to make site survevs to con-
firm the preliminary site surveys made earlier
to acquire civil engineering data not otherwise
aveilable. The sice surveys shall take into con-
sideration topography, aerology/meteorology,
and geological and geographic nreas. The task
of assessing site copabilities with respect to re-
moteness, industrial, or support considerstions
shall be defined by the SPO for the FSE con-
ducting the surveys. Incident to site sur-
veys, the investigation of subsurfaces and the
analysis of water supplies shall be conducted
and reported ns prescribed by the SPO.

f. Inventory Equipment Requirement Speci-
fications shall be used only for existing Govern-
ment facilities and minor modifications thereof.
Basic technical requirements to be entered di-
rectly in the Inventory Equipment Specifica-
tion shall be to a level of depth that will allow
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rechnical evaluation of the need for and extent
of facility change required. Design character-
istics shall not restate available information.
buz shall reference the identifving number,
location, and real property records describing
the existing facility.

g. Facility schematic diagrains shall be pre-
pared and uced in rrade ~tuclies and in prepar-
ing design sheets. The diagrams shall present
the subsystem components in the same logical
and sequentinl manner depicted on the facility
functional diagrams. Specific points of inter-
face shall be indicated to depict the subsystem
in a total system installed mode. More than
one schematic diagram may be devoloped to
indicate aiternate methods of ~aqisfving fune-
tiona! requirements. When this is done, the
diagram shall be identitied and classified in
reference to the assigned subsystem.

h. The requirements derived from all sources
and analyses are arranged Ly the FSE into a
basic facility concept. .Attention shall be given
to grouping design requirements on schemstic
diagrams and design sheets 0 that the integrity
of TSRP, NSRP, and critical RPIE sub-
systems is established and maintained while
recognizing the requirements and procurement
policies of the military construction program
(MCP). Test and activation considerations
must be developed in the test and activation
system engineering documentation for facility
CEls, as well as requirements fcr particular
fucilities imposed by system or other CEI test
and activation functions.

i. The integrated civil/structural/architec-
tural operstions design requirements for facili-
tiea shall be supported by facility perspectives
depicting the area plan, site, elevation, and floor
plan. Anarea plan should show location of the
facility with respect to general area. A de-
tailed site plan should include access require-
nents, special widths, required relationships
between outside elements, clearances, parking,
loading required setbacks, paving, etc. A floor
plan should include dimensional requirements,
height requirements (cross section), doors,
widths of entrances, location of special electrical
or mechanical provisions, clear space require-
ments and bLlockouts. elevations, anchor bolts,
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or other provisions for equipment identified to
he housed in the facility.

Block 27. Develop Requirements for Operations
Personnel and Treining.

2. With equipment, computer programs, and
facilities defined in terms of integrated design
requirements on design sheets and the Inventory
Equipment Requirements Specifications, the
RASs shall now have additional entries made
1o identify personnel, training, training equip-
ment, and procedural data requirements im-
posed by the equipment and fsnilities defined.

h. When function and design requirements
on the RAS demand man-equipment interface
(thuman performance to operate operations
equipment or facilities) : personnel, training,
training equipment, and procedural dats re-
quirements shall be entered on the RAS. In
cetermination of these requirements, inputs
shall be made from engineering, safety spe-
cinlists, personnel subsystem specialists, and
technical publication personnel. The data de-
veloped at this point, plus the data to be
produced later, shall be used as the scurce data
for determining the (1) exstent of training re-
quired: (2) preliminary list of training equip-
ment: (3) list of required procedural data: and
(4) qualitative and quantitative personnel
requirements information (QQFRI). The
SPO may require the contractor to prepare se-
lective task analyses to provide more detailed
data for determining detail design of man-
equipment interfaces: determining the training
required; determining programed instruction
requirements; selecting and designing train-
ing equipment and aids; and preparing the
QQPRI. Thees detsiled data shall be based
on the criteris contained in the RAS required
by contract and shall be developed in accordance
with MIL~-D-2628¢ for personnel information.

c. The “Personnel and training equipment
requirements” column shall have entries defin-
ing (1) the major tasks required to be per-
formed by personnel: (2) the time required to
nccomplish the tacks; (8) the significant human
performance requirements determined by or
constraining the tasks, inciuding sustenance
and life support requitements; (4) the extent
of training required; and (5) training equip-
ment or aids, including the class of training
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equipment or aids. The gersonnel, training,
and training equipment required is based on
the cumulative eflect of the line entries in the
“Personnel and training equipment” column of
the RAS. Just as the design requirements are
to be grouped into CEIs, the tssks are grouped
into Air Force specialty codes (AFSC), the
training requirements are grouped into courses,
the class of training equipment recommended
is synthesized into treining equipment on design
sheets, and the procedures are grouped into pro-
cedural data. Where the procedure for opera-
tion of equipment and facilities is not obvious.
and procedural data are required, the type of
procedura] data and identifying number shall
be entered under the “Procedural data require-
ments” column. Detailed requirements for
completing these colun.ns are specified in
attachment 1.

d. The information developed in the “Time
required” column serves as an input to and
verification of the estimated required times de-
veloped for time-critical operations functions
in block 22. Time-line sheets shall be used in
performing trade studies between the least time
required to perform a given function and the
best use of perscnnel and equipment accom-
plishing the function. Results of these trade
studies may lead to a change from the manual
operation to automation or mechanization; i.e.,
in the case where the time for man to calibrate
an electronic CEI will not meet reaction time.

e. Based upon the above personnel require-
ment and task information, category II person-
nel subsystem test and evaluation concepts and
requirements can begin to be formulated to pro-
vide inputs to the appropriste test plans.

Block 28. $S+lect AVE and/o¢r OGE and Facll-
ities.

a. This action represents the contractor’s
identification of equipment, facilities, and com-
puter programs essential to the performance of
the intended mission. These equipments, facil-
ities, and computer programs (reference para-
graph 18b, chapter 6) shall be defined by means
of design sheets or Inventory Equipment Re-
quirements Specifications in terms of design
requirements necessary to meet established sys-
tem functions. This selection of equipment
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includes only the equipment which performs
the operations mission: e.g.. booster, spacecraft,
commend and control console, and radome.
Subsequent selections treference block 41) will
include equipment and facilities required to
maintain equipment selected foi' the operations
mussion.

h. Engineering manazement emphasis is re-
syuired to assure that rue ~election of equipment
and facilicies is valid and based on sound engi-
neering judgnient and supporting documnenta-
tion. By tracing the logic of the process from
~ystem requirement~ fo functions to «esign re-
siuirements, the engineering manager can sub-
stantiate the validity of the equipment selected
and. if required. direct additional engineering
definition effort. This step represents a major
decision point and management must be assured
that a thorough job is accomplished. Subse-
quent etfort may require changes in the selecrion
of AVE and, or OGE and facilities: however.
mazimurm manugement efiort should be directed
to keep these changes at a minimum. The
equipment and facilities selected shall be iden-
tified on the specification rree in the System
Specification.

Block 29. Identify High Risk Areas and Long
Lead Time ltems.

a. The contracior <hall identify high-risk
areas  and long-lead-time CFlIs which are
either rime, rost. or performance critical.
These high-risk areas and long-lead-time items
include items which are state-of-the-art prob-
lems, critical materials, engineering critical
components, significant dollar cost items, and
items which require extensive manufacture or
testing time.

b. The purpose of this identification is to di-
rect specific emphasis where required to assure
that unforeseen delays, costs, and schedule slip-
pages ure not built into the program. While
the conceptual and early definition phase
efforts will have identitied some of the problems
to be anticipated in high-risk areas, this action
is to assure that these problems are studied and
resolved. For example, schedvle adjustments,
selection of alternative design approaches or
early procurement acrions may be required.

49
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Block 30. System Requirements Review.

a. The SPO will review the selected AVE
and/or OGE and facilities: the personnel re-
quirements: the etfectiveness factors apportion-
ment. and high-risk areas for the purpose of
assuring that system requirements are being
met. The svstem engineering documentation
tee, functional Jdragrams. NASs, schematie
dingrams, design -heers, inventory equipment
requirement and CET Identification Specifica-
tions, facility interface -heets, rrade-study re-
ports, time-line sheets. and faciliry perspectives,
leading ro the selection of equipment and facil-
ities) will be selectively reviewed for technical
adequacy. Selertion of documentation to he
reviewed and the depth of review will be estab-
lished by the SPO. Specific attention will be
directed toward a review of interface documen-
1ation between reluted contractors to assure
thar system compatibility is being maintained.
The schematic diagrams will furnish the basic
information necessary for the review and eval-
uation of interface problems and solutions.

h. Actions emanating from contractor and
SPO engineering changes will be documented.
Where inventory equipment is identified by con-
tractors. the SPO will determine availability
of the items. Special emphasis will be directed
by the SPO to insnring maximum use of equip-
ment in the DOD inventorv and to meeting
rather than exceeding or falling chort of total
system requirements by the equipment design
requirements. Where it is apparent that the
contractor is undertaking a design effort that
clearly exceeds the state-of-the-art, allocated
funds. or imposed schedule. appropriate action
will be taken to redirect such efforts.

c. The prime objective of this system require-
ments review is to assure that the definition
effort is proceeding in a logicnl manner toward
its ultimste objective. All contractors shall
participate in this revies. The SPO will as-
sure that the review is conducted so that crea-
tive or proprietary differences betteen contrac-
tors are not compromised.

Slock 31. Update System Specification.

a. The contractors shall use the results of the
engineering effort to update and refine their
portions of the Nvstem Specification specified
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in the phase IB contract. Though shown on a
step function to indicate a =igmfieant milestone,
maintaining an accurate system specification is
a continuous effort. Particular attention shall
be paid to the design: performance parameters
of the subsystems hased on interface require-
ments identified in ~chematic diagrams. Tt
shall be the function of the SPO deputy direc-
tor for engineering to as=ure that subsystems
are properly interfaced and rhat averall system
integrity is maintained through the nse of the
System Specification.  The svatem engineering
docnmentation provules ~ouree information for
the requirements contained in the System Speci-
fication. Chunges to this documentation shall
le reflected in rhe System Specitication.
Changes to the Nystem Specification include
expansion of the Specification Tree and devel-
opment of the CEI list to reflect equipment
selected Ly the acrivity described in block 28

b. Updating and refining the Syste:n Speci-
fication may change the performancedesign
requirements which were identified as part of
the prograin requirements baseline. Clianges
to these requirements -~hall bhe accomplished
using system requirements ECD's in accordance
with exhibic VIII. AFSCM 373-1.

Block 32. Develop End-ltem Maintenance
Functions for Critical RPIE Subsystems, AVE,
and/or OGE.

a. The next wroup of blocks eseribes the
maintenance design vnmineering actions con-
ducted to define the incennnre design re-
quirements of the system. The ultimate goal
of this series of actions is to assure that main-
tenance implications are considered in depth
prior to the additional preliminary design of
operations equipment/facilities. It is neces-
sary to consider the <equential maintenance
funciion requirements leading to the selection
of equipment (reference block 34) and the
maintenance function requirements generated
by the equipment previously selected (reference
biock 28).

b. The first action in this group of blocks is
to indenture the operations equipment, defined
by the preceding actions into components and
to determine the maintenance functions which
must be performed on these components.

30
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FEqunipment mnintenance can be caregorized into
standard functions. It is, therefore, possible
to select from a standardized list the equipment
maintenance functions required. The list con-
tains the following functions: test-checkout,
culibrate, adjust. remove-install, replace. re-
pair-overhaul. protect-service, visual check-
inspect. «lean-purge-filter-contamination. com-
posite rest, svstem alignment. store-handle,
monitor-operate, and interface. The end-item
maintennnce <heet «reference attachment 1)
contains the standard list of maintenance func-
tions and <hall be used to record the maintenance
vequirements for each CEI. For facilities. only
critienl RPIE =uhsvstems <hall be analvzed
utilizing -wl.irem niait renance sheets to deter-
intne detail maintenance requirements.

«. In identifving the functions required to
maintain the AVE andor OGE and critical
RPIE <ubsystems appropriate ~onsiderations
of the various modes ~hall Lie included. For
example. (1) the preventive or corrective main-
tenance required tn keep the syvstem opersting
while the AVE and/or OGE are in their oper-
ating confizuration (system installed): (2) the
maintenance required on each reparable AVE
and OGE assembly which may be removed/in-
stalled in the svstem installed configuration
te.z.. modnlar drawers iu equipment racks):
and (3) maintenance required on each reparable
assembly which may be removed,installed only
after its next higher assembly has been removed
from the svstem installed configuration (e.g.
computer elements, valves. and printed card
circuits).

d. Maintenance functions for each item of
AGE and/or OGE and for critical RPIE sub-
systems shall he identified down to the lowest
reparabla nonstandard component. In deter-
mination of the maintenance functions to be
perforined on AVE and/or OGE, the following
sequence shall be used. First the CEIs are
analvzed as a unit. The next step is to inden-
ture each CEI into its major nssemblies. then to
indenture each major assembly into its lowest
reparable components. The above sequence of
indentures shall be listed consecutively on the
end-item maintenance sheet. At thistime it will
be impossible to indenture the equipment to the
lowest reparable level. The basic intent is to
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accomplish the lowes\ level of indenture possible
and to develop lower level indentures as addi-
tional information becomes available. The pur-
pose at this time is to assure that design param-
eters of the equipment selected do not impose
excessive or impossible maintenance require-
ments upon the svstem.

e. Maintenance functions provide a basis for
apportionment of effectiveness values to CEls
and components predicted to be the reparable
at organizational and field levels: design of
maintenance oequipment : determining human
performance requirements for maintenance:
and provisicning. Attachment I specified the
detailed requirements for determining the main-
tenance requirements utilizing a  manual
procedure.

Block 33. Develop Design Requirements for
End-ltem Maintenance Functions.

a. Following the establishment of the func-
tions required to maintain the operations CEIs
(critical RPIE subsystems. AVE. and/or
OGE), it is necessary to translate these func-
tions into design requirements. The contractor
shall record the product of this effort on the
RAS. Maintenance implications of the TSRP
functions must be considered along with the
AVE and OGE. Not only do facilities design
requirements derive from AVE and OGE mmin-
tenance functions, but also the facilities them-
seltes must be maintained. thereby imposing
maintenance requirements on facilities design
and, in some cases. requiring MGE for critical
RPIE subsystems. The RAS provides the
documentation necessary to insure consideration
of each function and establishment of corre-
sponding design requirements.

b. After maintenance design requirements are
determined, it is necessary to assure that the
requirements are either incorporated as main-
tenance design features into the operations
CEls or that the design requirements are met
by MGE required in support of the operations
CEls. An example of the former would be the
utilization of a computer accomplishing a guid-
ance function to check CEIs employed in per-
forming the flight control function. An ex-
smple of the latter would be a test set required
to verify that adequate power is being pro-

L}
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vided. In the case of the test set. jacks would
have to be designed into the AVE to permit the
performance of the checkout function.

¢. Each mainteinance function entered on the
end-item maintenance sheet shall contain corre-
sponding design requirement entries on the
RAS. The end-item maintenance sheet fulfills
A purpose similar to that of the functional
diagram: namely. that of delineating the func-
tions which the syvstem elements have to per-
form. The RAS is nsed for hoth the end-item
maintenance sheets and the functional diagrams
to translate functions into design requirements.
These requirenients shall be stated in specific
terms. For example. input and outnut voltages
should be specinied for a mamntenance decoder
which is required to replace the OGE decoder
during test. An example of a specific state-
ment might be “Internal test points shall be
provided and must be brought ont to test con-
nectors on the drawer tronts to allow the con-
nection of the test equipment.”

d. Facility design reguirements emanating
from AVE and/or OGE shall be entered in the
“Facility requirements™ column of the RAS.
This column contains the data for FSE to de-
termine facility equipment required to support
AVE and/or OGE.

e. The maintenance design requirements de-
termined will be preliminary in nature due to
the limited preliminary desicn. The detailing
of the requirements will necessitate additional
preliminary design of the CEI. Nevertheless.
sufficient information concerning requirements
should be available to make a preliminary as-
sessment of the design approach to be pursued.
As 2 minimum, sufficient information will have
been acquired to proceed with the establishment
of the initial parsmeters of the MGE and facil-
ities required 10 support the AVE and/or OGE.

Block 34. Develop Detalled Sysiem Mainte-
nance Functions.

a. While this action is proceeding concur-
rently with the action required by block 32, it
is a distinctly different effort. The action of
block 32 is concerned with the maintenance re-
quirements generated by CEI design. This
action is concerned with maintenance require-
ments generated by svstem design. While there
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will be an interactive etfect between the two
efforts, the levels of functions are distinctly
different.

b. The contractor shall identify system main-
tenance functions on functional diagrams in the
manner prescribed for the formulation of oper-
ations functions. As in the case of operations
functional diagrams, it is not anticipated that
functional diagrams will be indentured below
the third level. System maintenance require-
ments were translated into gross functions such
as “Launch and launch control maintenance,”
“Support base maintenance.” and “AVE re.
cycle and depot maintenance.” on the top-level
functional diagrams (reference attachment 2).
While gross maintenance requirements have
been previously incorporated into the initial
design parameters of the AVE and/or OGE
and facilities, the detail definition of system
maintenance functions will depend upon the
specific AVE and/or OGE selected. ie.. it is
necessary to determine *“what™ before the “how™
can be thoroughly explored.

c. Each gross function is indentured to the
level necessary to insure adequate description of
the system maintenance requirements in func-
tiona] terms within the design parameters of the
AVE and/or OGE und facilities previously
selected. For example. in the case of a space
system, it will be necessary to identify the func-
tions which must be performed for the preven-
tive and corrective maintenance of the space
vehicle, booster, guidance package. the AVE re-
movable from the booster, including separate
stages as appropriate, and other identified OGE.
Thus, “Support base maintenance” functional
diagrams would be prepared to cover those
functions involving the receipt, handling, stor-
nge, and transportation of out-of-commission
AVE and OGE at the support base. “Launch
and launch control maintenance™ subfunctions
would be established to cover the functions in-
volved in removing and replacing the space
vehicle and major end items of the booster: ...
guidance package and propulsion stages.
Maintenance function requirements such as mal-
function isolation or corrective action after dis-
covery of a malfunction would also be covered
in the “Launch and launch control maintenance
subfunction.
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d. The contractor shall assure that mainte-
nance functional diagrams are indentured to
the level necessary to completely describe the
maintenance functions imposed by svstem re-
quirements.  Detailed requirements for the
preparation of functional diagrams are covered
in attachment 1.

Block 35. Develop Design Requirements for
System Maintenance Functians.

a. Following the establishment of the system
maintenance functions, the contractor shall de-
velop requirenients for a design to satisfy the
prescribed functions. This task shall employ
the methodology ized in determining operations
design requirements (reference block 22), De-
sign requirements shaii be Jetermined for each
function and shall be documented on the RAS.
In determination of maintenance design re-
quirements, previously selected AVE and/or
OGE equipment will be a major constraint.
For example, the design requirements necessary
to satisfy the function “Remove command
module”™ will have heen predetermined to a
large estent by the design parameters of the
command module, including size. weight, en-
vironmental requirements, etc. This ig not to
imply that trade studies between maintenance
and operational requirements should not be con-
sidered but, rather. that there is a direct rela-
tionship between selected AVE and/or OGE
and maintenance design requirements. Alter-
nate methods for meeting prescribed functions
shall be considered in depth.

b. Facility design requirements for TSRP
equipment and structures, building, etc., will be
recorded on the RAS in the same manner as
other equipment. In this case, the “Facility
requirements” column will describe the inter-
faces bet ween facilities and other system equip-
ment: e.g., OGE designed by other contractors.
The cstablishment of design requirements in a
systematic manner through the use of standard-
ized documentation provides the means for
assuring that design interfaces between equip-
ment and facilities have been properly consid-
ered nnd that a communication link has been
established betiween the various contractors in-
volved. This requirement is especially signifi-
cant in the case of long-lead-time facilities
where construction must begin prior to the com-
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pletion of the design of equipment. In this case,
the {ecility design becomes a co.straint upon
the design of the equipinent : e.g., booster length
will be restricted by the size of the silo which
provides environmental protectirn and control.

c. The stabilit—- ard depth of design require-
ments recorded  the RAS will depend upon
the exten: of design information availoble.
When additi~nal design information is ac-
quired, design requirements will become more
detailed and stable. In the determinarion of
design requirements, the preselection and
grouping of design requirements on the basis of
preconceived 2quipment and facility configura-
tion should e avoided.

Block 36. System Requirements Review.

a. This action is similar to the activity de-
seribed in block 23 but shall be primarily 3i-
rected toward a review and evaluation of the
maintenance functiol.; and requirements. Dur-
ing this review, the SPO will assess the progress
of the definition effort and identify the working
effectiveness of participating contractors.

b. Maintenance functions developed will be
reviewed to determine that the support concopts
are valid, technicslly feasible, and understood
by the participating contructors. Functional
diagrams will be reviewed for continuity and
accuracy. The allocation of functions to partic-
ipating contractors will be reviewed to assure
that interfaces have been adequately covered.
The RAS will be reviewed to assure that ex-
plicit requirements have been entered for func-
tions identified on the functioual diagrams and
end-iter: maintenance sheets. 1t will not be the
function of the review to perform an on-the-
spot technical integration of the system but,
rather, to review how well the integration effort
has beea accomplished. As a product of the
review, the SPO will identify and assure reso-
lution of any technical integration problems
emanating from the definition effort.

¢. To assure that this review and all subse-
quent reviews accomplish the intended purpose
and do not delay the contractor’s effort during s
critical part of the definition or acquisition
phase, it is essentisl that the contractors and “he
SPO be equally responsive to actions resulting
from the revierws.
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Block 37. Pertorm Trade Off Stndies (Mainte-
nance Elemenis of the System).

a. The next sequence of engineering actions
tblocks 37. 38, 3¢, and 40) is directed toward
the definition oi the basic maintenance ele-
ments of the sysiem (MGE. AAE, facilities.
and personnel). While each action is discussed
separately. the actions are interrelated and .nus:
Le performed concurrentiv. The objective of
this series of engineering actions is to provide
a firm basis for the selection of maintenance
<vstem elements which best fit the design re-
quirements previously specified. “or achieve-
ment of this objective. it is necessary to evaluate
design alternatives nn the basis of time. cost.
ard performance. In some cases. engineering
judgment rwill be adequate to justify the design
choice or there will be no alrernatives to choose
from. whiie in other cases alternatives will have
to e considered in detail before valid decisions
can be made. The coutractor shall acomplish
trade studies necessary to provide techaical sub-
stantiation of requirements for end items, facil-
ities, personnel, and training required to accom-
plish maintenance functions.

L. This action shall employ the rationale used
in conducting trude studies for operations ele-
ments (reference block 24). Mintenance trade
studies shall be reported in accordance with the
requirements of atrachment 1. Results shall be
reflected on appropriate functional diagrams.
RASs, time-line sheers. design sheets, schematic
dingrams, and end-item maintcnance sheets.
\ppropriate feedoncks shall be made to opern-
tions requirements where maintenance selections
result in changes to previnusly selected opera-
tions elements. The objective of these trade
studiiz is to nchieve n system balance based on
che consiaerution of trinl requirements. By
placing specific emphasis on maintenance as a
sepunute entity, the continctor and the SPQO are
able to visualize the entirz system. Trade study
results will provide a firn Lusis for the alloca-
tion of mnintenunce functions and design re-
quirements. Maintenance trade studies to be
conducted at this time are those required tc sup-
port the nction: specified in blocks 38, 38, and
40.
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Block 38. Develop Design Requirements for
Maointeaance End ltems.

a. A critical step in the design process is to
develop the design requirements into deliver-
able CEI packages. This erep is based on previ-
ously ucquired design knowledge, the results of
trade studies, and the description of the system
in functional teems.  The vontructor shall deter-
mine how system requirements will be met in
terms of maintenance CEls.  Additionally,
aerospuce ancillary equipment (AAE) required
10 support the manintenance and operation design
~hall be identified. Specitic steps required in
the deveiopment of lesiyn requirements for
maintenance end items are similar to those pre-
sented in block 25 for operations CEls.

b. The task of design engineering becomes
one of grouping the design requirements appear-
ing on the RASs through the use of schematic
dingrums into CEIs.  Results of the grouping
appear ns design requirements on the dJesign
sheets. Each design requirement appearing on
the RAS shall be covered on one or severnl de-
sign sheets. These design requirements will he
further expanded to assure that quantitntive
input/output information is included which
adequatecly describes the total design require-
ments of the CEI to be designed. tested. and
delivered.

c. MGE resulting from this netivity is first-
level maintenance equipment: ie. primarily
organizational and. in some cases. tield equip-
ment required in suppoit of operntions equip-
ment. AAE resulting from this action is that
equipment required to imin personnel or to in-
stall, essemble. checkout, test, or repair the sys-
tem. These items of equipment do not become
organizational equipment: i.e.. they are “dead
ended.” Examples of AAE are flight-test in-
strumentation equipment, safety-destruct equip-
ment. and a mission simulator. Detniled re-
quirements for preparing design sheets are pre-
sented in parngraph 6.4, attachment 1.

Block 39. Develop Mointenance Requirements
for Facilities.

a. The FSE shall wanslate and group the
facility design requirements for maintenance
into facility CEIs using the methodology that
wus emploved for grouping facility design re-
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quireinents for operations (reference block 26).
The design requirements contained on the RASs
shall be grouped by nenns of <chematic dia-
grams and recorded in Facility CEI Specifica-
tions and on design sheets. Existing facilities
shall be identified thirough the use of Inventory
Equipment Requirements Spercifications.

b, Because of leadtime requirements, facility
construction is often required prior to the com-
pletion of desiym and fabrication of equipment.
Furthermore. constructed factlities usually do
not provide flexibility for changes 1e.g.. launch
facilities and hangars, when hardened, are costly
to modify). Therefore, the early establishment
of equipment and facility interface control is
eritical,

c. The facility interfuace sheet «reference para.
7.0, artachment 1) shall be used by all con-
tractors to document and transmit facihity re-
quirements gzenerated hy the esign require-
ments of other equipment. This sheet provides
i means for vecording and timnsmitting facility
interface information fram nonfacility contrac-
tors to the FSE and will become the basis for
the development anvl assessment of maintenance
facility design requirements. T'le facility inter-
face sheet serves as an interface control docu-
ment for insuring identification of equipment
requirements having an impact on facilities.
Facility interface sheets are to he used by the
FSE 1o record facility interface information
resulting from the design vequirements for
RPIE. For example. a fixed crane or hoist de-
fined as maintenance RP1E will require facility
power and structural support. A facility inter-
face sheet for the crane would summarize thess
requirements for input to the preparation of de-
sign sheets for the power or structur) support
facility items.

Block 40. Develop Requirements lor Mainte-
nance Personnel and Training.

a. Sufficient information has been acquired to
specify the initial requirements for maintenance
personnel, training, training equipment, and
procedural data. Requirements for mainte-
nance personnel and training shall be developed
by the contractor using the RAS the same as
described in block 27 for operations personnel
and trnining requirements,
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h. As in the cnse of operations personnel and
training requirements, the requirements speci-
fied for maintenance personnel and training
will be preliminary in nature. The identifica-
tion of complete personnel and training require-
ments is dependent upon additional design ef-
fort and the identification and selectinn of the
rotal MGE. AAE. and facilities required for
maintenance. ITowever. sufficient information
van be acquired concerning personnel and train-
ing requireinents for an evaluation of the se-
lected system elements: ¢.g., per=onnel. facilities.
and equipment on the basis of the design re-
quirements appearing on the RAS and design
~heete

c. The personnel and training equipment en-
tries on the RAS will provide information to
answer questions such as: Has a proper balance
hetween the various elements heen nchieved?
\re certain areas overlonded? Are skill levels
and tasks too demanding? Are training re-
quirements excessive to the capabilities for
training? Should a higher degree of auroma-
tion be achieved?

Block 41.
Facilities.

Select MGE, AAE, and Maintenance

a. The contractor shall select the MGE and
AAE necessary to support the operations ele-
n.ents previously selected in block 28. The con-
tractor shall select the additional facilities pe-
culiar to maintenance which are necessary to
satisfy the facility design requirements de-
veloped in blocks 88 and 30. This activity
represents the first iteration of engineering ef-
fort to define the total list of maintenance
equipment. .All major items of MGE, AAE,
and facilities required shall be identified.

b. Subsequent steps include the balancing of
selected MGE agninst previously selected fa.
cilities and/or OGE. the analvsis of MGE to
determine additionnl maintenacnce require.
ments and identification of related MGE, AAE,
and facilities for test and activation. Mainte-
nance equipment, facilities, and AAE selected
will be identified on the CEI list and the speci-
fication tree in the System Specification.
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Block 42. Identify High-Risk Areos and Long-
Lead-Time liems.

a. This block describes the action directed
toward the identification of high-risk mainte-
nance areas. The action required is similar to
that performed under block 29 and is a result
of the trade studies described in block 37. In
trade studies. high-risk areas may have been
identified. For example. the uze of un airborne
computer to perform checkout functions may
Lecome a ligh risk unti] sufficient experience is
acrcumulated to determine that the compurer can
accomplish both functions.  Other examples of
high-risk areas might be (1) the feasibility of
developing ap autamatic malfun~ticn detector
of the totai sy=1em 1n a zvstem instatled configu-
ration: (2) the lead time involved in construc-
ting a new maintenance facility where the total
requirements for the facility (in terms of specific
environmental tolerances, power requirements,
etc.) will not be established in time to meet con-
struction start dates: and (3) the uncertainty
of availability of Government test facilities at
the time required.

b. There are many maintenance and support
factors which must be considered: however, the
prime emphasis shall be on major trouble spots,
and the criteria for the selection of these can
only be based on sound engineering judgment.
Where a trouble epot is identified. it may be
possible to eliminate or recdiuce rhe risk through
the selection of an alternate item of equipment.

Block 43. System Requirements Review.

a. The SPO will review effectiveness factor,
apportionment, pers